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METHOD AND DEVICE FOR CONTROLLING OR REGULATING 

MOTOR VEfflCLES 

Technical Field 

The present invention pertains to improvements in controlling or regulating motor vehicles. 

Background of the Invention 

In modem methods or systems for regulating motor vehicles, various components are utilized 
which, in particular, are able to influence the control of the longitudinal dynamic (acceleration and 
qi respective deceleration in the driving direction) in order to assist the driver who had to perform this 
■'q! task by himself until now: 

tI;! the speed regulator that is controlled by the driver (cruise control), 

M. 

|,^_ a motor vehicle follower control for monitoring and maintaining or adjusting the distance 

M to the vehicle directly ahead, 

m dynamic curve controls that also influence the speed and acceleration in the driving direction, 

^■^jl engine/transmission controls that regulate the engine with respect to 

M technical/economic/ecological principles, and 

0 brake controls, e.g., distance-aided brake assistant, analog brake assistant. 

The above-mentioned listing of system components certainly is not exhaustive at this time. 
These components predetermine nominal values for the acceleration and/or the speed which are 
respectively determined in accordance with their criteria. Consequently, it is necessary to coordinate 
the various sources for nominal values in order to control the engine and the brakes in suitable 
fashion. 

One known example of such a coordination is the interaction between the desires of the 
driver (gas pedal), the cruise control, and the motor vehicle follower control. Here, the motor 
vehicle follower control predetermines, if so required, suitable nominal speeds for the cruise control 
such that the motor vehicle follower control is able to reach its control target. This means that the 
motor vehicle follower control is connected in series with the cruise control. The desires of the 
driver, i.e., actuation of the gas pedal, are usually incorporated into the system in such a way that 
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they override the automatically generated signals. The longitudinal dynamic control system is 
switched off when the brakes are actuated. 

The aforementioned system and respective method have the disadvantage that the dynamic 
behavior of the follower control cannot be better than that of the cruise control. It was determined 
that the dynamic behavior is inadequate. 

The object of this aspect of the invention consists of disclosing a method and a device for 
controlling a motor vehicle which make it possible to determine suitable reference variables for the 
motor vehicle control. 

In order to achieve a sufficient dynamic, the control interventions according to the invention 
are not realized via the speed controller, but rather, directly, i.e., comparable to the driving 
interventions of braking and accelerating. These driving interventions alter the longitudinal 
acceleration of the motor vehicle in the form of a control variable; the longitudinal acceleration is 
•il? selected as the control variable. 



Figure 7 shows an embodiment of the engine torque controller. 
Figure 8 shows another embodiment of the engine torque controller. 
Figure 9 shows a time-dependency diagram for explaining the occurrence of spontaneous 
traffic jams. 

Figure 10 shows a schematic representation of a distance controller. 

Figure 1 1 shows waveforms for speed and the distance during the control according to one 
embodiment of the invention. 

Figure 12 shows the spectrum of an unprocessed speed signal. 

Figure 13 shows a basic block diagram of the invention. 

Figure 14 shows an embodiment of the low-pass filter in Figure 13. 




omitted so as to provide a better overview. 

Figure 6 shows one embodiment of the braking torque controller. 



Figures 1 and 2 show a first embodiment of the invention. 

Figure 3 shows a second embodiment of the invention. 

Figure 4 shows one possible design of the monitor in Figures 2 and 3. 

Figure 5 shows one embodiment of the acceleration controller, wherein the monitor is 



Brief Description of the Drawings 
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Figure 15 shows an embodiment of the band-stop filter in Figure 13. 

Figure 16 shows a spectrum of the filtered speed signal according to the invention. 

Figures 17 and 18 show the output signal of the nonlinear filter according to the invention 
in comparison to the output signal of the ABS-control, and in comparison to linear filters with 
different cut-off frequencies. 

Figure 19 shows a combination of several of the above-mentioned components which form 
a control strategy. 

Figure 20 is a graph of nominal speed versus time. 

Figure 21 is a depiction of an amplification gain characteristic. 

Figure 22 is a depiction of two characteristic curves of function generator 5-15. 

Figure 23 shows the general design of the pressure control according to the invention in the 
form of a block diagram. 

Figure 24 shows an embodiment of a pressure monitor with a simple pressure controller. 

Figure 25 shows the nonlinear monitor of a brake system. 

Figures 26a and 26b respectively show the control circuit which corresponds to the nonlinear 
monitor in figure 25 and the linearized control circuit. 

Figure 27 shows a block diagram of one embodiment of the combined control circuit. 

Figure 28 shows a brake circuit, in which the system according to the invention is utilized. 

Figure 29 shows a brake circuit that contains only one digital valve instead of the previously 
described two digital valves. 

Figure 30 is a logic flow diagram of the method of the present invention. 

Figure 3 1 shows the driving situation on which the method according to the invention is 
based, in terms of a model. 

Figure 32 shows an embodiment of the control method according to the invention. 

Figure 33 shows another embodiment of the control method according to the invention. 

Figures 34a-34c show the progression of the most important driving variables during the 
control method according to the invention. 

Figure 35 shows a flow chart of one embodiment of the method according to the invention. 

Figure 36 shows the process sequence of one embodiment of the method according to the 
invention. 

Figure 37 shows one embodiment of a controller according to the invention. 
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Detailed Description of the Preferred Embodiments 

One embodiment of the invention is described below with reference to Figure 1 . 

Figure 1 shows an example of different sources for predetermining nominal values. The 
reference numbers l-17a-c identify various sensors, based on the output of which nominal 
accelerations are generated. Reference number l-17a designates a distance sensor that determines 
the distance to the vehicle driving directly ahead. A motor vehicle follower control 11a determines 
a suitable motor vehicle acceleration for the motor vehicle follower control based on the signals 
output by the sensor l-17a. Reference number 1-1 7b designates pushbuttons that are located on the 
steering wheel or a steering column switch for influencing the cruise control. The pushbuttons may 
consist of switches for setting, increasing, decreasing or resuming a certain nominal speed. The 
cruise control 1-1 lb determines an acceleration for reaching the desired control target based on the 
control input with the aid of the aforementioned pushbuttons or other operating restrictions. The 
driver is able to directly influence the motor vehicle by actuating pedals 1-1 7c (brake pedal and gas 
pedal, and, if applicable, the clutch pedal). A suitable control 1-1 Ic determines an acceleration ap^dai 
from these variables as well as other operating conditions. Reference number 1-1 Id designates 
additional sources for intermediate acceleration values, e.g., a curve speed adaptation or a driving 
stability control. 

According to the invention, it is proposed to functionally generate the individual nominal 
accelerations in parallel fashion by the respectively "responsible" components 1-1 la- 1-1 Id, wherein 
the generated nominal longitudinal accelerations are supplied to a coordination unit 1-12 in parallel, 
and wherein a resultant nominal longitudinal actuation aLnom is determined in suitable fashion in the 
coordination unit. 

This acceleration aLnom is forwarded to an acceleration controller 1-13 that actuates different 
motor vehicle actuators, e.g., the brake l-14a and/or the transmission l-14b and/or the engine l-14c, 
based on this acceleration. 

Various designs of the coordination unit 1-12 are conceivable. For example, the 
coordination unit 1-12 can be simply designed in such a way that it forwards the smallest numerical 
value of all values input into the coordination unit to the acceleration controller 1-13 as the nominal 
value aLnom- III this case, the "smallest value" should be interpreted in the mathematical sense, i.e., 
by taking into consideration the preceding sign. However, the coordination unit 1-12 may also form 
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a weighted average of all received values, wherein the weights may, if so required, be adapted or 
shifted depending on the given situation. The state variables in and around the motor vehicle are 
determined by means of sensors 1-16 and l-17a-c. The values delivered by these sensors may be 
used for controlling the weight or the selection of individual nominal acceleration values input into 
the coordination unit 1-12. 

The components 1-1 la-d, which generate the individual nominal values, lie and consequently 
operate functionally parallel to one another. Consequently, it is possible to provide the individual 
components with different characteristics without the risk that such characteristics will be 
compromised by subsequent components. For example, it is possible to adjust the cruise control to 
"soft,'* wherein the distance follower control can be adjusted to "direct." In the system according 
to the invention, if signals from the cruise control 1-1 lb and the motor vehicle follower control 1- 
11a appear concurrently, the coordination unit 1-12 is able to select the acceleration afoj, output by 
the motor vehicle follower control 1-1 la and feed this acceleration to the acceleration controller 1- 
13 as the acceleration aLnom without the risk that the "direct" characteristic of the motor vehicle 
follower control will be compromised by the "soft" characteristic of the cruise control 1-1 lb. In the 
initially described known example, the output result of the motor vehicle follower control would be 
evaluated by the downstage cruise control and possibly compromised. 

The components l-lla-l-Ud that generate the nominal values are not limited to the 
previously described example. Additional refinements of the motor vehicle control may contain 
other components that individually generate nominal values. These additional components may be 
connected in parallel to the already existing components and incorporated into the coordination 
carried out by the coordination unit 1-12. 

The entire system is monitored by a control and safety logic 1-18 that ensures the control 
sequence and, if individual components fail, is able to intervene by taking corresponding measures, 
e.g., switching off part of the system, switching of the entire system, etc. An adaptation of different 
steady state characteristics to different classes of drivers is also possible by monitoring the behavior 
of the driver, the motor vehicle reaction and the ambient conditions. The control and safety logic 
1-18 also controls and monitors the user interface 1-15 by exchanging signals with this unit. 

Another aspect of the present invention pertains to a method and device for adjusting a 
predetermined nominal acceleration of the motor vehicle. In the mathematical sense, the term 
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"acceleration" also includes negative values, i.e., driving conditions which are generally referred to 
as braking maneuvers. 

A nominal acceleration may, for example, be predetermined directly by the driver or 
indirectly by an ICC-system (intelligent cruise control). In ICC-systems, nominal accelerations are, 
for example, not only determined based on the driver*s intentions, but also in accordance with, for 
example, a motor vehicle follower control (controlling the distance to the vehicle directly ahead), 
a control for avoiding hazardous traffic situations, etc. For this purpose, motor vehicle state 
variables are determined by means of sensors (e.g., gas pedal, brake pedal, throttle sensor, intake 
air quantity, engine speed, transition gear ratio). In addition, external state variables, e.g., the 
distance to the vehicle directly ahead, the road conditions, as well as the general surroundings and 
stationary obstacles are, if so required, determined by suitable sensors and evaluation units. An 
ICC-system determines a nominal longitudinal acceleration to be adjusted for the motor vehicle 

o 

^ based on the intemal and external variables. 

hi 

In known acceleration control methods, a differentiation of the measured motor vehicle 
speed is carried out as part of PI or PID controls in order to determine the actual acceleration. This 
Q differentiation is associated with conventional problems, e.g., a large noise component when using 
differential quotients or a large phase-shift when using a differentiating filter. Since stability 
C3 reserves must be observed when differentiating and filtering the speed signal, the adjustable dynamic 
|,^, of the control circuit is comparatively low. In addition, the control parameters depend on the mass, 
Jl^ Speed, engine performance data, etc., where the determination of the parameters takes place in 
comparatively complex fashion. 

The objective of these partial aspects of the invention consists of disclosing a method and 
a device for controlling the acceleration which make it possible to carry out faster acceleration 
control in more reliable and more robust fashion. 

The general concept as well as a first embodiment of these aspects of the invention are 
described below with reference to Figures 2 and 3. 

The invention proposes a model-based control system. Estimated values for the braking 
torque T^rakcest ^rid the engine torque T^ngi^e are determined from the input variables measured by 
sensors based on models. Consequently, these estimated values are based on actually measured 
motor vehicle variables. In addition, a nominal drive torque T^^^ for reaching the desired nominal 
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acceleration a^^^ is determined. This means that the nominal drive torque T^^^ reflects the control 
variable a^^^ of the control system according to the invention. 

In Figure 2, reference number 2-10 designates a device for converting the nominal 
acceleration a^^^ into a nominal drive torque T^^^. This device represents a prefilter. hi the simplest 
instance, the conversion from nominal acceleration into nominal torque may consist of a 
proportional conversion. However, dynamic portions may also be taken into consideration, e.g., by 
means of a dynamic compensation of system response times. The device 2-10 outputs the nominal 
drive torque T„„^. 

Reference number 2-11 designates a device for modeling a motor vehicle brake or, in simpler 
terms, a brake model. The brake model 2-11 receives the measured main cylinder pressure as the 
input variable and estimates its total braking torque. However, the effects of an antilock braking 
system (ABS), a wheelslip control system (ASR), or an automatic stability management system 
(ASMS) may also be incorporated. Instead of measuring the brake pressure, an estimated brake 
pressure may also be derived from control signals for actively generating the brake pressure (e.g., 
with an active booster). 

Reference number 2-12 designates a device for modeling the engine/transmission. This 
model delivers the estimated engine torque T^ngine.esi the output variable. The input variables 
received by this model consist of the motor vehicle speed v^bs, the engine speed n^^tp ^^id the throttle 
angle oc^^^. Based on these input variables, the device 2-12 estimates the drive torque resulting on 
the wheel. The model may contain parts or all of the engine performance data used in an engine 
control system. 

In modem engine control systems, the torque delivered by the engine is frequently available 
in the form of a signal. In this case, a transmission model suffices for estimating the engine torque. 
This variation is shown in Figure 3. In this figure, the engine/transmission model 2-12 according 
to Figure 2 is replaced with a transmission model 2-22 that receives the transmission gear ratio i as 
well as the engine torque T^^.^ predetermined by the engine control system as input variables. Based 
on these input variables, the drive torque on the wheel T^ngincest is determined. If the gear ratio of the 
transmission is known in the control system, the torque on the wheel can be easily calculated. 

The monitors shown in Figure 2 and Figure 3 respectively consist of a device 2-13 and 2-23 
for modeling the behavior of the motor vehicle. In this case, the input variables consist of the 
braking torque T^rakcest determined with the aid of the brake model, the drive torque on the wheel 
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Tengincest determined with the aid of the engine/transmission model as well as the motor vehicle speed 
v^bs- The monitor may be specifically designed for the respective type. In this case, the monitor 
recognizes certain motor vehicle parameters, e.g., the motor vehicle mass, the dynamic wheel 
running radius, motor vehicle time constants, etc. Figure 2 shows an instance in which the signal 
output by the monitor is the torque Tg^tuauest acting on the motor vehicle. 

However, it would also be conceivable to alter only the nominal motor vehicle torque with 
the output variable of the monitor. In Figure 3, a correction torque T^orr, referred to the motor 
vehicle speed v^^s^ is determined with the aid of the estimated values for the braking torque Tbrakc,est 
and the engine torque Tengine,esf The nominal torque T^^^ is corrected with this correction torque T^^^. 
Based on the result of the correction, the engine and/or brakes of the motor vehicle are controlled 
by means of suitable actuators. 

From this design of the acceleration control, the correction required for reaching the nominal 
value is determined with the aid of the motor vehicle speed v^^^, but not its differentiated value. 
Consequently, the previously described serious disadvantages of known acceleration controls can 
be eliminated. The device 2-23 delivers the correction torque T^orr as the output variable, wherein 
the nominal torque T^^^ determined from the nominal acceleration a^^^ is corrected with said 
correction torque. Initially, the motor vehicle speed v^st is estimated in the device 2-23 with the aid 
of the estimated values for the engine torque (drive torque on the wheel) T^ngmG and the braking 
torque Tb^ake- This estimated value is compared with the measured motor vehicle speed v^bs- Based 
on the deviation between the measured speed v^^s and the estimated speed v^g^, the correction torque 
Tcorr is determined and output by the device 2-23. 

The torque controllers 2-14 and 2-24 respectively receive the nominal torque T^^^^ from the 
prefilter 2-10 (and the prefilter 2-20) and the correction torque T^^„ and the actual torque Tg^t^a, 
(sic; the actual torque T^^t^^i^^t and the correction torque T^^^) from the respective monitors 2-13 and 
2-23 as input variables. Control signals for actuators are determined on the basis of these two input 
values. These control signals may consist of: 

control signals for the throttle in order to increase or decrease the throttle opening angle, 

control signals for the brake in order to increase or decrease the brake pressure, and, if 
applicable, 

control signals for the transmission in order to adapt the transmission stage if so required. 
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According to Figure 3, the nominal torque T^^^ and the correction torque T^^^ are simply 
added, wherein suitable measures, e.g., either an adaptation of the fuel supply signal or the brake 
pressure, are taken on the basis of the preceding sign. The values of the nominal torque and the 
correction torque may, however, also be processed such that a weighted average is formed. 

Figure 2 shows that a control signal may also be generated in 2-14 based on the output signal 
of the monitor 2-13 and the prefilter 2-10. The control signal is fed to a coordinator that converts 
the control signal into a third and fourth signal, e.g., in dependence on its preceding sign. The third 
and fourth signals are respectively used for generating an acceleration and a deceleration correction 
variable. 

In Figure 3, the reference number 2-25 designates a braking torque controller. This braking 
torque controller receives its input signal Tbrake.nom fro"^ the block 2-24. The braking torque 
controller also processes the estimated braking torque T^rake* Th^ braking force can be regulated on 
the basis of these two values. The controller outputs a signal p^o^, with which a suitable controllable 
pressure source can be controlled. Since the brake hydraulic system is known in comparatively 
precise fashion, a feed-forward portion in accordance with the inverse brake model can also be 
incorporated. 

In Figure 3, reference number 2-26 designates an engine torque controller. This engine 
torque controller receives its input signal Tgng,nom from the block 2-24. This engine torque controller 
also processes the estimated engine torque T^ngine- A control of the engine torque is possible on the 
basis of these two values. The controller outputs a signal Tno^ ^^t or oc^,^. 

Figure 4 shows combined embodiments of the brake models 2-1 1 and 2-21, the engine model 
2-12 and transmission model 2-22, and the internal design of the monitors 2-13 and 2-23, 
respectively. 

The respective brake models 2-1 1 and 2-21 are realized with an amplification device 2-30 
and a low-pass filter 2-3 1 . 

The engine model 2-12 consists of an amplification device 2-32 that is realized in nonlinear 
fashion in Figure 4, namely as an approximation to an engine performance graph, a low-pass filter 
2-33 that may be realized in the form of a PTj-element and a device 2-34 for simulating the 
transmission gear ratio. 

The monitor consists of a device 2-35 that proportionally simulates the wheel radius r and 
the motor vehicle mass m in the embodiment shown (2-35), as well as an integration element 2-36. 
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A sensor signal delay and the force build-up on the tire (2-37 and 2-38, in this case, a single-pole 
low-pass filter), which is simulated by means of feedback, are connected in series with this 
integration element. The speed v^^^ estimated by the monitor is output as the result. This estimated 
speed is compared with the determined motor vehicle speed v^^s. Based on this comparison, the 
correction torque T,.^,^ and the torque T^^^^^i ^st acting on the motor vehicle are determined and output. 

Figure 5 shows combined embodiments of the prefilter 2-20 and the coordinator 2-24 
according to Figure 3. The motor vehicle mass m and the wheel radius r are simulated with the 
device 2-40~the prefilter— which receives the nominal acceleration a^^^. The device 2-40 delivers 
the nominal torque T^^^^. In the embodiment shown, this nominal torque is added (2-45) to the 
correction torque T^orr (that may also be negative) in the coordinator 2-24 such that a control torque 
T^^ti results. Whether the control torque T^^^ is positive or negative is determined by the decision 
device 2-41. If the control torque is positive (T^t, > 0, lower branch), the engine torque controller 
2-43 is actuated. If the control torque is negative (T^.^, < 0, upper branch), the braking torque 
controller 2-42 is actuated. 

Figure 6 shows an embodiment of the braking torque controller. Its output signal consists 
of a nominal pressure p^^^ for the brake force actuator. The input signal received by the braking 
torque controller in the nominal braking torque Tb^^ ^o^ that is compared with the estimated braking 
torque T^rake from the brake model and then gradient-limited (2-52). A feed forward portion 2 51, 
for compensating the comparatively well known behavior of the brake system beforehand, is 
connected in parallel to the comparison between the nominal braking torque and the estimated 
braking torque. The I-portion of the signal p^^^ is set to zero if the throttle is not yet entirely closed, 
so as to force a permanent deviation of the braking torque. Due to this measure, it is possible for 
the engine torque controller to entirely close the throttle once the brakes are actuated, i.e., it is 
possible to prevent an instance in which the brake and the engine are working against each other. 

Figure 7 shows an engine torque controller (corresponding to 2-26 in Figure 3). The 
coordinator (2-24 in Figure 3 and 2-41 in Figure 5, respectively) outputs a nominal engine torque 
Teng,nom that is subtractcd from the estimated engine torque T^ngine determined with the aid of the 
engine model 2-12. The result passes through a Pl-controUer (2-62 and 2-63) which is gradient- 
limited. A feed-forward portion 2-61 may also be incorporated in this case in order to improve the 
control dynamic. 
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Figure 8 shows a variant of the engine torque controller, which is suitable for a highly 
developed engine electronic system, in which the current engine torque is known. This actual value 
is then used for the control. The output value of the engine torque controller is the nominal engine 
torque value for the engine electronic system. 

The individual components shown in Figures 2-8 may be realized by means of the 
corresponding circuits and characteristic diagrams. The individual components are preferably 
realized in the form of correspondingly programmed computers, i.e., discrete-time digital systems 
which operate at a suitable sampling frequency of the individual values. 

Another aspect of the present invention pertains to a method and a device for realizing a 
motor vehicle follower control. 

A frequently recurring problem in modem road traffic is traffic jams on busy roads for no 
apparent reason. Specifically, such traffic jams occur when the individual speeds of motor vehicles 
driven behind one another are not determined by the intentions of the respective drivers but by the 
speed of the vehicle ahead. The occurrence of such traffic jams is described below with reference 
to Figure 9. 

Figure 9 shows speed plots for different motor vehicles. Curve 3-10 shows the speed of a 
given motor vehicle, and curve 3-11 shows the speed of the motor vehicle following immediately 
behind the first. The following explanation is based on the steady state, in which one motor vehicle 
drives behind the other at a constant speed Vq. It is assumed that the first vehicle decelerates at time 
t, and then continues to drive at the reduced speed Vj. Consequently, curve 3-10 shows a decrease 
in speed from Vq to Vj beginning at time tj. This results in a condition in which the speed of the 
second vehicle (curve 3-11) is greater than the speed of the first vehicle (curve 3-10) beginning at 
time tj. In order to prevent a rear-end collision, the second vehicle must eventually decelerate. 
However, the second vehicle is unable to immediately follow the change in speed of the first vehicle 
or the distance control system. In this case, at least the reaction time of the driver of the second 
vehicle passes until the second vehicle also reduces its speed at the time t2. The speed of the second 
motor vehicle is greater than that of the first motor vehicle up to the time t^, at which time the speed 
of the second vehicle is adapted to that of the first vehicle. Consequently, the distance between both 
motor vehicles is reduced up to time t^. The reduction in distance corresponds to the surface 
(integral) between the two curves. This means that the distance between the two motor vehicles was 
reduced up to time In order to compensate for this reduction, the second vehicle is also 
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decelerated. This is usually realized by reducing the speed until the original distance between the 
two motor vehicles or a distance between the two motor vehicles which corresponds to the new 
speed is adjusted. In Figure 9, this is assumed to occur at time ty Between times and the speed 
of the second vehicle is slower than that of the first vehicle, i.e., the distance between both vehicles 
is increased again. The area 3-14 between the two curves 3-10 and 3-1 1 corresponds to the increase 
in distance. Once the original distance is restored, the acceleration process begins so as to adjust 
the speed to that of the first vehicle. Since the speed of the second vehicle is still lower than that 
of the first vehicle beginning at time t^, the distance between both motor vehicles is additionally 
increased until both motor vehicles travel at the same speed at time t^. The additional increase in 
distance corresponds to the area 3-15. At time tg, the distance is greater than before time tfinggibic] by 
this amount. This lost distance can be compensated (approximately between times tj and tg) if the 
second vehicle travels faster than the first vehicle. 

This means that there are periods in which the speed of the second vehicle is less than that 
of the first vehicle. In the described embodiment, this is the case between times and t^. If a third 
vehicle travels behind the second vehicle, processes similar to those between the two initially 
observed vehicles will occur between the second and third vehicles. This results in the third vehicle 
assuming a minimal speed that will be slower than the slowest speed of the second vehicle. This 
is schematically indicated by the curve 3-12 in Figure 9. This means that these processes are added 
up until the traffic comes to a complete standstill. 

In this case, it does not matter whether the vehicles are freely controlled by the respective 
drivers or an ICC-control (intelligent cruise control) takes place. An ICC-control also has reaction 
times, i.e., the distances between one motor vehicle following another will be reduced if the lead 
vehicle decelerates. Such reductions in distance are compensated by decelerating the trailing vehicle 
to a speed that is less than the speed of the lead vehicle as described with reference to Figure 9. 

The object of this aspect of the invention consists of disclosing a method and a device for 
controlling the driving speed which eliminate or prevent the effects of reaction times or delay times. 

Figure 10 shows a distance controller. This distance controller receives input signals that 
are delivered by a highly developed sensor arrangement. Among other things, the distance 
controller receives signals that indicate the distance between a given motor vehicle and the vehicle 
immediately ahead, as well as the relative speed between the two vehicles. In addition, the 
controller recognizes the speed of the motor vehicle. The controller is designed for generating 
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control signals for the motor vehicle from at least the above-mentioned input signals. These control 
signals may contain control signals that lead to an acceleration as well as a deceleration of the motor 
vehicle. An acceleration of the motor vehicle occurs if the distance controller outputs signals that, 
for example, correspond to the digitized signals of the gas pedal. These output signals are then 
processed in suitable fashion by a downstage engine controller. However, direct actuating signals 
for the throttle would also be conceivable, if so required, in connection with signals for the injection 
period in order to directly increase the speed. A reduction in the motor vehicle speed can also be 
realized by means of gas pedal signals and throttle signals (engine brake). In addition, the ICC- 
controller may output signals that lead to an active deceleration of the motor vehicle, due to the fact 
that the brake system is directly or indirectly actuated. 

The problem of a spontaneous bumper-to-bumper traffic jam, which was described with 
reference to Figure 9, can be rendered less severe due to the fact that when one motor vehicle drives 
behind another, the speed of the second vehicle is controlled such that either it does not exceed the 
speed of the first vehicle or its appropriate safety driving distance at a given speed is adjusted with 
allowance for a time delay. In the meantime, a reduced distance between the motor vehicles is 
accepted. This results, for example, in the speed and distance waveforms shown in Figure 1 1 . The 
curve 3-30 shows the speed of the first vehicle, and the curve 3-31 shows the speed of the second 
vehicle. Qualitatively, the curve 3-30 corresponds to the curve 3-10. A time delay between the 
beginning of the deceleration of the first vehicle and the beginning of the deceleration of the second 
vehicle cannot be avoided, even with the most modem technology. However, the ICC-control is 
able to predetermine suitable control targets in order to prevent the negative effects which occur in 
Figure 9. Figure 1 1 shows an instance in which the ICC-control controls the speed of the second 
vehicle (curve 3-31) in such a way that the second vehicle is decelerated with a certain time delay 
after the first vehicle was decelerated, wherein the speed of the second vehicle does not drop below 
of the speed of the first vehicle. Another control target consists of temporarily allowing shorter 
distances between the two vehicles as would be the case in the steady-state condition once the 
deceleration of the first vehicle is detected. 

Figure 1 1 shows a control target in which the speed of the second vehicle cannot drop below 
the speed of the first vehicle. The speed of the second vehicle (curve 3-3 1) is higher than the speed 
of the first vehicle (curve 3-30) between times t9 and X^q, Consequently, the distance between the 
two motor vehicles is reduced between the aforementioned times. The reduction in distance 
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corresponds to the integral over the relative speed. The reduction in distance is shown in the lower 
portion of Figure 1 1 . The reduction in distance in the upper portion graphically corresponds to the 
area between the curves 3-30 and 3-31, where the value is designated by -A in the lower portion. The 
separation between the motor vehicles was reduced by this value -A between times tg and t,o. Once 
the speeds of both vehicles are identical starting at time t,o, the separation remains constant, so that 
the negative effect explained previously with reference to Figure 9 is prevented for the time being. 
The speed of the second vehicle does not drop below that of the first, so that the effect is not 
cumulative, particularly if several vehicles drive one behind another. 

Various preventive measures are conceivable as time progresses. Figure 11 shows an 
instance in which the first vehicle accelerates again (time tn). Here, the ICC-controller may be 
designed in such a way that the second vehicle does not follow the acceleration of the first vehicle 
until time t,2, i.e., with a certain time delay. It is then accelerated until it assumes the speed of the 
first vehicle at time ti3. The separation is then preferably identical to that before time tg. The time 
delay t^2 - between the acceleration of the first vehicle and the acceleration of the second vehicle 
is preferably identical to the time delay between the beginning of the deceleration of the first vehicle 
and the beginning of the deceleration of the second vehicle. 

If the first vehicle does not accelerate at time ti,, but rather continues with a constant speed, 
the ICC-controller may be designed so that it adjusts the speed of the second vehicle to a speed that 
lies slightly below the speed v, of the first vehicle. This slightly reduced speed is preferably 
predetermined after a certain time period has passed, once the lower constant speed Vi has been 
assumed (time t,o). This reduced speed is maintained at the speed Vj until the desired separation 
between the two vehicles is reached. 

If the predetermined control target is "the speed of the second vehicle cannot fall below that 
of the first vehicle," it can be checked whether, during deceleration of the second vehicle (before 
time t,o in Figure 11) the distance between the two vehicles drops below a minimum value that, if 
necessary, is speed-dependent and cannot be fallen short of If the distance falls short of this 
minimum distance, the braking force may be increased and, if so required, the above-mentioned 
control target can be dropped, i.e., the speed of the second vehicle may fall below the speed of the 
front vehicle in this case. In this way, it is ensured that the ICC-controller is able to assist in 
preventing collisions. 
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The ICC-controller may also be designed in such a way that, if a deceleration of the front 
vehicle is detected, it temporarily allows a shorter distance between the two vehicles than in the 
steady-state condition. In this case, the controller may even permit shorter distances between the 
two vehicles for a period, during which the front vehicle has assumed a constant, slower speed after 
having decelerated. In Figure 11, this would be the speed v, beginning at time t,4. The minimum 
distances permitted in the steady-state condition or the permitted minimum distances in dynamic 
transient conditions may be a fixnction of speed and be stored in tables or engine performance maps. 
Similar to the embodiment mentioned above, the distance assigned to steady-state conditions can 
be adjusted, after an additional time period has elapsed, by slightly decelerating the motor vehicle 
until the distance for steady-state conditions-and, if applicable, the appropriate distance for the 
corresponding speed is adjusted again between the two vehicles. An acceleration may subsequently 
take place until both vehicles have reached the same speed. 

The above-mentioned control may also be implemented with a suitably programmed 
computer that receives the above-mentioned input variables and delivers the described control 
signals. Such systems are designed to carry out discrete-time sampling, in which the signal 
processing is done digitally. 

Another aspect of the present invention pertains to a method and device for generating a 
speed signal that indicates the motor vehicle speed. 

A precise speed signal is required for various tasks in controlling or regulating motor 
vehicles. Until now, the speed signal was either delivered directly by a sensor or obtained from the 
output of an ABS-controUer. However, such signals are noisy, so that they cannot be easily utilized 
for some applications, e.g., in ICC-systems. 

The objective of this aspect of the invention consists of disclosing a method and device 
which make it possible to obtain a precise speed signal with only a slight time delay. 

While investigating the above-mentioned problem, the inventors determined that noise is not 
evenly distributed over the frequency range of the speed signal, but that individual noise components 
which can be discriminated are present. The inventors determined, in particular, that portions that 
can be localized in a certain frequency band, as well as portions at higher frequencies, interfere with 
the speed signal. One frequency band that is particularly noisy lies in the range of fo = 1 to 4 Hz, 
besides frequencies beginning at approximately f i = 8 Hz, which are very noisy. 
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Figure 12 shows the spectrum of a speed signal as it is conventionally utilized for controlling 
the engine and the motor vehicle, respectively. The spectrum which lies between the frequencies 
0 and 5 Hz shows a defined peak at slightly below fo = 2 Hz. Such interference significantly 
influences the accuracy and thus the reliability of the motor vehicle control, and thus must be 
suppressed. 

Figure 13 shows a block diagram of an embodiment according to the invention for 
suppressing interference of the speed signal. In this block diagram, the input speed signal v^ that 
is subject to interference passes through a low-pass filter 4-20 as well as a band-stop filter 4-2 1 . In 
this case, it is not absolutely necessary to provide both filters 4-20 and 4-2 1 . One of the two filters 
may suffice, where the series-connection of both filters— if so required in the reverse sequence- 
provides very good results. 

In one preferred embodiment, it is taken into consideration during the filtering of the input 
speed signal v^ that the acceleration of the vehicle can lead to speed changes in the input signal that 
is subject to interference, where the order of said speed changes is comparable to or higher than the 
interfering ripple components in the signal. Components of this type cannot be simply filtered out, 
because the filtered signal would otherwise incorrectly reflect the speed or merely reflect the speed 
in delayed fashion. 

Embodiments of the low-pass filter 4-20 and the band-stop filter 4-2 1 according to Figure 
13 are described below with reference to Figures 14 and 15. Figure 14 shows an embodiment of the 
low-pass filter 4-20 according to the invention. For example, this component consists of a single- 
pole low-pass filter PTj, It is formed by the gain K 4-30 and 4-34 as well as the integrator 1/s 4-3 1 . 

In one preferred embodiment, a gradient limitation 4-32 defines the range within which 
changes in the input speed signal v^ may occur. In this context, the term gradient limitation refers 
to a limitation of the rise or fall time of a signal. However, one encounters the problem that these 
changes may by far exceed the ripples during accelerations. If no additional measures are taken, the 
filter will cut off parts of the usefial signal. Consequently, an additional PT, -element 4-33 is 
connected in parallel to the gradient limitation 4-32. The PT, -element delivers an offset that is 
added to the output of the gradient limitation 4-32. Due to this measure, the permissible ripples 
follow the respective acceleration level. The cut-off frequency of the additional PT, -element 4-33 
is preferably higher than that of the total transmission of the low-pass filter 4-20. 
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Figure 15 shows an embodiment of a band-stop filter. This band-stop fiUer is designed in 
such a way that the interference frequency is simulated (series integrators 4-43 and 4-44 and 
negative feedback 4-45). The amount of feedback 4-45 is adapted to the center frequency cOo= 2 Tifo 
of the interference frequency band. The simulated interference frequency cOois subtracted from the 
input speed signal at the point 4-40. Due to this subtraction, one obtains the output speed signal 
that is also fed back into the simulation of the interference frequency Oovia blocks 4-41 and 4-42. 
The feedback of the output speed signal into the simulation of the interference frequency (Oq takes 
place in such a way that the signal passes through adjustable gains Kl 4-41 and K2 4-42, 
respectively, and is additively fed in front of the respective input of the serially connected 
integrators 4-43 and 4-44. Due to this measure, the interfering frequency band is filtered out, and 
the circuit according to Figure 15 acts as a band-stop filter. 

Due to the filtering of the original signal v^, a speed signal v^ that is well suited for the 
additional processing is generated. This means that higher frequency portions are not randomly 
filtered. Such a random filtering would lead to accelerations of the motor vehicle which represent 
portions of higher frequency within the frequency range of the speed signal being rounded in the 
speed signal, i.e., a poorly adapted signal or a signal that would slowly follow the actual conditions 
would be delivered. The embodiment of the low-pass filter with gradient limitation 4-32 and offset 
feed 4-33 results in a nonlinear filter, with which permissible acceleration levels can be rapidly and 
reliably illustrated in the filtered signal despite the filtering out of ripples. The cut-off frequency 
of the low-pass filter is permanently adjusted and determined by means of comparisons with linear 
filters with different cut-off frequencies. The described band-stop filter according to the invention 
can be adapted to the respective conditions with the factors Kl and K2 by means of feeding the 
output signal v^^. 

Figure 16 shows the spectrum of a speed signal that has passed through a band-stop filter 
according to Figure 13 and 15, respectively. One can clearly ascertain that the interference at 
approximately 2 Hz is eliminated. 

Figures 1 7 and 1 8 respectively show a general overview and a detail of the output signal of 
the nonlinear filter according to the invention in comparison to the output signal of the ABS-control 
and in comparison to linear filters with different cut-off frequencies. Figure 17 shows a drive with 
an acceleration, a deceleration and a phase of uniform speed (constant drive at approximately 7 sec) 
over a period of approximately 25 sec. The time period around the maximum speed during these 
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25 sec is plotted in enlarged fashion in Figure 18. The signal with the most noise is the output signal 
of an ABS-controller. This signal is also the input signal for all other filters shown. The reference 
number NL designater the output signal of the nonlinear filter according to the invention. This 
signal is much smoother than the ABS-signaL In addition, the output signal of linear filters with 
different cut-off fi-equencies (2 to 10 Hz) are also shown. One can ascertain that these filters also 
generate smooth output signal, but cause a greater phase shift or a higher attenuation than nonlinear 
filters. In this case, it must be observed that the nonlinear filter has a lower cut-off fi-equency (4 Hz) 
than the linear filter. The attenuation of the filter according to the invention corresponds to that of 
a linear 8 Hz filter. The ripple content of the nonlinear filter according to the invention is 
approximately comparable to that of a linear 2 Hz filter. 

Another aspect of the present invention pertains to a method and a device for controlling 
motor vehicles. This aspect pertains, in particular, to motor vehicle control systems, in which 
i^jj nominal speeds that are subsequently adjusted by a series-connected control are predetermined. 
Such speed adjustments may, for example, be realized with the aid of a cruise control. These cruise 



I* controls may be of comparatively simple nature. Such a simple cruise control consists of switches 

m 

P systems are known as ICC (intelligent cruise control) systems. In such control systems, the motor 



that serve for setting, increasing, decreasing, canceling or resuming nominal speeds. However, 
cruise controls may also be used in connection with more complex control systems. Such control 



vehicle speed is not only controlled based on values predetermined by the driver, but also in 

■'Wf accordance with information which sensors obtain from the surroundings of the motor vehicle. This 

P 

1.4, primarily pertains to distance sensors that determine the distance to the vehicles that might be 
driving ahead. However, this may also pertain to sensors that, for example, examine the road 
conditions. 

The previously described control systems operate on the basis of the driver's intentions and 
based on information determined by sensors inside or outside the motor vehicle. They generate a 
nominal speed in the form of a control variable in many instances. However, motor vehicle 
accelerations or the distance to vehicles driving ahead may also be predetermined as control 
variables. These predetermined control variables may lead to operating conditions of the motor 
vehicles which are perceived as unpleasant by the driver in either case, e.g., abrupt accelerations, 
abrupt decelerations or jerky movement of the motor vehicle. This may, in particular, occur if 
sudden changes in the predetermined nominal speed take place. Until now, such changes in the 
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nominal speed were incorporated into the controller as a control variable in unevaluated fashion. 
This means that the above-mentioned unpleasant driving conditions cannot be sufficiently prevented. 

The objective of this aspect of the invention consists of disclosing a method and a device for 
controlling or regulating motor vehicles which allow pleasant driving conditions with few jerks. 

Individual characteristics of this aspect of the invention are described below with reference 
to Figure 19. Figure 19 shows a combination of the different characteristics of this aspect of the 
invention which are described below. 

The following measures may be taken in order to attain the above-mentioned objective of 
the invention: 

abrupt jumps in the predetermined nominal speed may be smoothed out with respect to their 
progression over time; 

temporal changes in the predetermined nominal speed can be limited. The gradient of the 
nominal speed is limited in this way . The limiting may be defined sectionally or by means of an 
engine performance map and also be subject to certain changes; 

an acceleration can be predetermined in the form of a control variable depending on the 
difference between the nominal speed that was filtered as described above or the nonfiltered nominal 
speed and the actual motor vehicle speed; 

known reactions of the system can be compensated beforehand by means of a feed-forward 
branch, and 

the above-mentioned measures can be monitored by a control of higher order. They can be 
adapted by means of a teachable motor vehicle controller. 

The above-mentioned characteristics are described in greater detail below. 

Figure 19 shows a combination of several of the above-mentioned components which form 
a control strategy. This figure shows an embodiment in which the predetermined speed v^^^ is input 
into the system according to the invention from the left. If not indicated otherwise, it is assumed 
in the following description that this predetermined nominal speed increases abruptly. This may, 
for example, be the case if the driver significantly increases the nominal speed by actuating the 
corresponding key on the steering wheel or the steering column switch several times. Such an 
abrupt increase is uncomfortable; it may lead to engine vibrations in many instances, and must be 
effectively prevented. 
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For this purpose, a rounding of the nominal speed increase is carried out. The rounding is 
carried out with a suitable device. One example is shown in Figure 19, illustrating the combination 
of the devices 5-10, 5-11 and 5-12. The circuit shown consists, in principle, of a low-pass filter. 
The device 5-1 1 may simply consist of an amplifier that is followed by an integrator 5-12. Due to 
the negative feedback at the node 5-10, the progression PTj of the input nominal speed progression 
results as the output variable of the integrator in the example shown. Consequently, the abrupt 
increase in the nominal speed is smoothed out. The low-pass filter does not necessarily have to 
consist of a PT, -element. On the contrary, PT2-elements or conventional low-pass filter elements 
may be used. Figure 20 shows the output signal of the low-pass filter (output of the integrator 5-12) 
as it may be formed by a PT2-element in response to an abrupt increase in nominal speed. The 
abrupt increase in the nominal speed from zero to a certain value (curve 5-20) is converted into a 
slow increase (curve 5-21). 

An additional protection against unpleasant driving conditions can be achieved if a gradient 
limitation for the nominal speed is incorporated. A gradient limitation can be carried out separately 
or in connection with the previously described low-pass filter (e.g., PTj -element or PT2-element). 
The effect of the gradient limitation is initially described with reference to Figure 20. In this case, 
the term gradient refers to the change in nominal speed per time unit. Physically, this pertains to 
acceleration. Figure 20 shows the steepest gradient shortly after the beginning of the rise of curve 
5-21, wherein this is represented by the tangent line 5-22. Its slope corresponds to the gradient. The 
higher the abrupt increase in nominal speed, the steeper the steepest rise of the curve 5-21. It may 
occur that the rise becomes excessively steep despite the filtering. Consequently, the same 
disadvantages as with the initially assumed ideal increase in the nominal speed ultimately result. 
This is prevented by limiting the gradient— the slope of the tangent line 5-22— to a certain value that 
is not exceeded independently of the value of the abrupt increase in nominal speed. In one 
embodiment, this can be realized with a separate circuit. Figure 1 9 shows another embodiment. In 
this case, the gain 1 1 is limited. Consequently, the gain has a characteristic similar to Figure 2 1 . 
The difference obtained from the device 5-10 consequently is only amplified up to a certain 
maximum value. The desired gradient limitation is achieved with the aid of the integrator 5-12 and 
feedback. 

The gradient limitation may be adjusted differently for positive and negative accelerations 
by setting different break points in the characteristic of Figure 21. In addition, it may be desirable 
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to permit a manipulation of the gradient limitation. For example, if the driver's intentions expressly 
indicate that an intense acceleration is desired-which, for example, is input by actuating the 
acceleration key several times-steeper gradients can be permitted; for example, by shifting the break 
points in Figure 21 away from the origin only in this case. A steeper rise in the predetermined 
nominal speed is then possible, and the motor vehicle accelerates more quickly. If this change was 
caused by the driver, this change in the gradient limitation represents a direct result of the driver's 
actions for the driver. 

In addition, it is possible to improve the driving comfort if the predetermined nominal speed 
Vno^ and the actual speed v^^ are different—also, if an acceleration is necessary—the acceleration 
being predetermined on the basis of the difference between nominal and actual speeds. In Figure 
19, this predetermination is realized by a function generator 5-15. In the embodiment shown, the 
function generator receives the difference between the output of the low-pass filter 5-10 to 5-12 and 
the actual motor vehicle speed. The difference Av = v„^,^ - v^^^^ is formed in the device 5-13. 
Consequently, the function generator 5-15 receives a value which corresponds to the difference 
between the filtered nominal speed and the actual speed. In accordance with its function, the 
function generator outputs an acceleration that can be used as a control variable. In contrast to 
Figure 19, it is also possible to input the unfiltered nominal speed into the device 5-13. Figure 22 
shows an example of two characteristics that describe the function generator 5-15, The curve 5-41 
shows a simple instance in which the output acceleration a^om is proportional to the difference 
between nominal and actual. However, more complex progressions which, for example, are shown 
in the form of the curve 5-42, are conceivable. Different slopes make it possible to simulate vehicle 
handling that is empirically determined. This means that the control according to the invention 
results in vehicle handling that appears to be very natural. The characteristic in Figure 22 may be 
implemented in the form of a formula or be stored in a table. 

An additional improvement in vehicle handling is attained if a feed- forward portion is added 
to a nominal acceleration that, for example, was determined as described above. Figure 19 shows 
an embodiment in which a feed-forward portion is added to the output of the function generator 5-15 
in the adder 5-6. This feed-forward portion is generated from a signal that was sensed between the 
amplifier 5-1 1 and the integrator 5-12 via a filter 5-18 and corresponds to an acceleration value. An 
amplification as well as system characteristics may be incorporated into the characteristic of the 
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filter 5-18 such that the utilization of the feed- forward portion allows a very spontaneous reaction 
to the driver's intentions while preserving the comfortable controller djoiamic. 

In addition, it is also possible to carry out long-term observation of the driver's activities by 
means of a device 5-19. For example, the frequency, duration and abruptness of accelerations and 
decelerations can be determined. These determined values can then be classified (e.g., "slow 
driver," "fast driver"). Individual parameters in the system can be modified based on this 
classification. In the system according to Figure 19, the device 5-19 is able to influence, for 
example, the gradient limitation 5-11, the feed-forward filter 5-18 or the function generator 5-15. 

A nominal speed that, for example, is predetermined by the function generator 5-15 can be 
limited to certain absolute values, e.g., -1.0 m/s^ +1.5 m/s^ If the driver briefly exceeds the speed 
set by the cruise control by actuating the gas pedal, e.g., when passing a truck, the controller is 
switched to standby due to the driver*s intervention. After this speed is exceeded, i.e., after the 
process of passing the truck is completed, the motor vehicle decelerates to the speed set by the cruise 
control. In order to prevent this deceleration from becoming excessively fast, e.g., to prevent the 
truck which was just passed from needing to decelerate, the limitation of the acceleration 
predetermined by the function generator 5-15 can be reduced, e.g., to -0.7 m/s^, +1.0 m/s^. Such 
changes of limitations can generally be carried out after interventions by the driver. If the required 
acceleration lies below the set limiting value, the original, higher limiting values can be readjusted. 

The above-mentioned functions can be implemented with discrete components or devices. 
However, it would also be conceivable to use an appropriately programmed computer that receives 
digital input signals and processes these signals in discrete-time fashion. 

Another aspect of the invention pertains to a method for "smoothly" actuating a hydraulic 
brake in accordance with the "sliding mode" principle as well as a device for carrying out this 
method. 

It is generally known that a nearly arbitrary pressure which is only limited by the pressure 
generator (pump) or the pressure reservoir can be built up in a recipient (e.g., a brake cylinder) with 
at least one digitally switched valve and a pressure generator (preferably a pump) or a pressure 
reservoir. This is realized due to the fact that the pressure build-up at a constant inlet pressure takes 
place in opposition to a leakage rate that can be adjusted by the digital valve, or that a connection 
(a valve) between the recipient (e.g., the brake cylinder) and the pressure generator or pressure 
reservoir is temporarily produced at a constant leakage rate. In this case, valves that are open in the 
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deenergized state (SO) and valves that are closed in the deenergized state (SG) are used as the digital 
valves. 

Systems of this type have the disadvantage that the valves are generally switched in pulse- 
width modulated fashion. However, this requires a high computation capacity for calculating the 
pulse widths (on and/or off). 

The objective of this aspect of the invention consists of disclosing a method and a device 
which make it possible to reduce the required processor power to a minimum. 

The method is characterized by outputting a pressure build-up signal and a pressure 
reduction signal to the means for adjusting the brake pressure so as to attain a nominal brake 
pressure p^^^. In this case, the means for adjusting the brake pressure consists of two digitally 
switched valves in one embodiment. These valves are respectively connected to the pressure 
generator or the pressure reservoir, the pressureless reservoir and the brake cylinder (recipient). One 
valve connects the pressure reservoir to the brake cylinder, and the second valve connects the 
pressureless reservoir to the brake cylinder. The desired pressure in the consumer (recipient) is 
adjusted by means of a correspondingly timed opening and closing of the digitally switched valves. 
Another embodiment is, in particular, characterized by the fact that the first valve can be eliminated 
if one takes into consideration the finite volumetric flow from the pressure generator through the 
supply lines. In this case, the pressure reduction realized with the second valve (directly in front of 
the pressureless reservoir) only need occur for a brief period of time. 

In one preferred embodiment of the method, a nominal volumetric flow Q^^^^ is determined 
from the nominal brake pressure p^om and an actual pressure p^ct on a brake cylinder which 
corresponds to a measured pressure on the valves. In this case, the pressure regulator calculates 
a volumetric flow of the fluid which is required for adjusting the nominal pressure p^^^ by 
comparing the actual pressure p^^t with a predetermined pressure, i.e., the nominal pressure p^^^. 
Here, the actual pressure p^^ in the brake cylinder is determined by a pressure monitor from the 
pressure p^^^^ measured at the valves. 

The model on which the pressure monitor is based also takes into consideration the 
impedance of the supply lines which acts upon the fluid in addition to the pressure difference 
between the measuring point and the brake. The impedance and the pressure difference determine 
the volumetric flow through the supply lines, i.e., the volume flowing through the supply lines per 
unit time. Here, the volumetric flow may, in particular, be directly proportional to the impedance 
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and the square root of the pressure difference between the measuring point and the brake. If the 
volume that has entered the brake cylinder over a certain time is known, the brake pressure is also 
known. In this case, the brake pressure depends, for example, on the square of the volume of the 
brake cylinder. 

This means that the volumetric flow to be adjusted is determined, and the brake control can 
be realized in such a way that opening or closing signals are fed to the pressure build-up valve and 
the pressure reduction valve in rapid succession. 

In a linearized embodiment, the square root dependence of the volumetric flow on the 
pressure difference is replaced by a linear dependence, where the operating point of the control 
circuit must be chosen such that no excessively large deviations occur in either direction. Naturally, 
this is only possible over a limited range. 

In an additional refinement of this embodiment, the signals for controlling the volumetric 
flow may also be filtered before they are fed to the valves. This takes place in a separate control 
circuit that is quasi series-connected to the aforementioned circuit. Here, the instantaneous 
volumetric flow is fed back to the nominal volumetric flow. Actuating signals for the digital 
valve(s) are generated in accordance with the so-called sliding mode control principle from the 
nominal volumetric flow and the actual volumetric flow. The pressure build-up signal as well as 
the pressure reduction signal consequently are determined from the nominal volumetric flow and 
an actual volumetric flow that corresponds to the measured pressure. 

In one preferred embodiment, the time derivative of the actual volumetric flow may also be 
taken into consideration in addition to the actual volumetric flow. 

In order to prevent short-circuits between the pressure reservoir and the leak, both valves in 
an embodiment with two digital valves cannot be simultaneously opened. Consequently, the 
pressure build-up signal and the pressure reduction signal are generated complementarily to one 
another so that their switch-on times do not coincide, i.e., one valve can be only opened if the other 
valve is closed. 

In the method according to the invention, the inertia of the fluid or the valve is utilized. In 
other words, the pressure is no longer controlled, but the control is exclusively realized by regulating 
the volumetric flow of the fluid. 

One general advantage of the method according to the invention is that the pressure control 
may take place relatively slowly. This means that it can be carried out by a conventional processor 
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that also must fulfill other functions and consequently need not be particularly fast. The control of 
the volumetric flow takes place rapidly by means of a application-specific control circuit that is 
preferably realized in the form of an analog or a fast digital circuit. Since the pressure control and 
the volumetric flow control are separated, a more highly dynamic control is possible. The control 
is also not dependent on the cycle times of the processor system and may take place at a rate of up 
to a few kHz. 

Figure 23 shows two series-connected control circuits: one for pressure control and one for 
volumetric flow control. The second control circuit is optional and will be described further below. 

A nominal pressure p^^^ for the brake system is input into the first control circuit. This first 
control circuit contains a subtractor 6-1 , a pressure controller 6-2 and a pressure monitor 6-3. In this 
case, the pressure monitor 6-3 determines an actual pressure p^^t which is subtracted from the 
nominal pressure Pnom at the input of the control circuit based on a measured pressure Prn^^^ in the 
hydraulic system 6-6, where the difference is then additionally processed by the pressure controller. 
In this embodiment of the invention, the pressure controller also forwards other conditions which 
serve for adjusting the model of the pressure observation to the pressure monitor. The output 
variable of the pressure controller is a signal that corresponds to the volumetric flow Q^^^ which 
must be generated in order to reach the required brake pressure. This signal Q„om is converted into 
control signals for one or more (not-shown) digital valves 6-7 and 6-8 in the hydraulic system 6-6 
by a volumetric flow controller 6-4. The sequence and the generation of these signals is described 
below with reference to Figure 26a and Figure 27. 

The pressure monitor 6-3 determines the actual pressure p^d based on the pressure p^^^^ 
measured in the hydraulic system 6-6. However, the pressure monitor may also consist of a control 
circuit. In the preferred embodiment shown in Figure 24, the control circuit output variable Pact is 
determined fi-om the input variable p^^^^ by means of negative feedback. For this purpose, a variable 
Pact is subtracted from the measured pressure p^^^s subtractor 6-9, analogously to the design of the 
first control circuit shown in Figure 23. The difference between these two signals is converted into 
an actual pressure p^^t by a first multiplication element 6-10, a first integration element 6-11 and a 
first characteristic element 6—2. This can be based on several independent models; the model of the 
control circuit of this embodiment is based on the image shown in Figure 25. The output variable 
may consist of a value that corresponds to a pressure as well as a value that corresponds to 
volumetric flow. 
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In order to keep the measuring paths relatively short and minimize interference on the 
transmission path, the pressure of a (sub-)system is preferably measured in the immediate vicinity 
of the central control units. However, this has the disadvantage that changes in the pressure due to 
influences caused by the pressure line are not detected. This can be solved with a model that takes 
into consideration known influences of the pressure lines and determines the variables actually 
present at the line end from the values measured at a central location. The control elements 6-9 to 
6-12 are based on such a model, where said model is shown in Figure 25. In this figure, the 
characteristics of the supply line 6-13 for the fluid are combined into an impedance 6-14. The 
supply lines end at the brake 6-15 in a (not-shown) brake cylinder that has volume V. The 
volumetric flow Q flowing through the supply lines 6-13 is proportional to the impedance and to the 
square root of the differential pressure in the supply line 6-13 in this model This means that while 
taking into consideration the direction of the volumetric flow the volumetric flow can be expressed 
in the form of 



1^, Q = * sign (P^eas- Pact) * (IPmeas " PactI)"' (6/1) 

m 

Sign (Pmeas ' Pact) reprcscuts the flow direction, and |Pn,eas - PactI represents the absolute value of the 



;Q differential pressure. 

SI 

The pressure is measured directly behind a (not-shown) valve for controlling the volumetric 
flow by means of a pressure sensor 6-16 and forwarded to the pressure monitor 6-3. The brake 
pressure or the actual pressure on the brakes p^^ can be estimated from the prior or current 
volumetric flow Q^^t to the brake cylinders. This embodiment is based on a quadratic relation, so 
that the brake pressure p^^t can be illustrated in the form of 

Pact=A* V + B* V' (6/2) 

The change in the volume of the brake cylinder V then results from the relation 

V=jQdt (6/3) 
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The pressure monitor determines the instantaneous brake pressure from these three 
dependencies, wherein said instantaneous brake pressure is then subtracted from the input value p^^^ 
at the input of the first control circuit in Figure 23. 

The pressure controller 6-2 needs merely consist of a simple characteristic element as shown 
in Figure 24. This characteristic element outputs a volumetric flow that, as described above, is 
converted into signals for digital valves 6-7 and 6-8 by a volumetric flow controller 6-4 depending 
on the respective input. 

In a somewhat simplified version of the first control circuit shown in Figure 23, a 
"linearized" pressure monitor is used. Such a linearized pressure monitor is shown in Figure 26b. 
Figure 26a shows a nonlinear pressure monitor as is used in the embodiment according to Figure 
24. In this case, the design shown in Figure 26a is essentially identical to that shown in Figure 24 
which contains the same elements, namely a subtractor 6-9, a multiplier 6-10, an integrator 6-11 and 
i^p. a characteristic element 6-12. In contrast to the previously described embodiment, the output 
fe; variable consists, however, of a volumetric flow Q instead of the brake pressure p^^^. In the 
14; linearized pressure monitor shown in Figure 26b, the multiplier 6-10 is replaced with a first 
proportional element 6-17, and the characteristic element 6-12 is replaced with a second proportional 
iSf element 6-18. This simplifies the design of the pressure monitor and, among other things, allows 
p faster switching processes. However, the function of the pressure monitor 6-3 is identical in both 
3 mstances. 

^^4 The fiinction of the volumetric flow controller is described below with reference to Figures 

23 and 27. 

As described above, the output signal of the first control circuit shown in Figure 23 which 
contains a pressure controller 6-1 and a pressure monitor 6- can be directly converted into control 
signals for the digital valves 6-7 and 6-8 by a volume controller 6-4. However, in order to achieve 
an even more superior control in actuating the digital valves, a volumetric flow monitor 6-5 is used. 
The control circuit that adjusts the volumetric flow Q^^^ is designed in the form of a negative 
feedback circuit. The input variable of this negative feedback circuit forms the output variable of 
the first control circuit (the output variable consequently must consist of a volumetric flow signal). 
A' value Q^^^ that was generated by the volumetric flow monitor 6-5 is subtracted from the output 
signal of the first control circuit Qnom- Th^ volumetric flow monitor has determined this value based 
on the measured pressure P^^eas that already served as the variable input into the actual pressure p^^^ 
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by the pressure monitor. The general design of this second control circuit for adjusting the 
switching signals for the digital valves 6-7 and 6-8 in the hydraulic system 6-6 is obvious to a person 
skilled in the art and is consequently not discussed in greater detail. 

Figure 27 shows that the volumetric flow monitor 6-5 may simply consist of a first DTj- 
element. The output signal of this element then corresponds to the actual volumetric flow Q^^^ which 
is subtracted from the nominal volumetric flow Q„^,^ output by the first control circuit shown in 
Figure 23 at the input of the control loop. This is shown in the right-hand portion of Figure 27. The 
signal Qaci is present at inverting inputs of the two subtractors 6-19 and 6-20. However, this signal 
is also present at the inputs of a second and a third DT, -element, the outputs of which are inverted 
and interconnected with the output of one of the subtractors 6-19 and 6-20, so that a composite 
signal s results. This composite signal s is input at characteristic elements 6-23 and 6-24. The 
characteristic element 6-23 and 6-24 output a valve actuating signal SO and SG, respectively, for 
the two digital valves 6-7 and 6-8, respectively, which cause the valves to open and close depending 
on the input variable. In order to prevent a hydrodynamic or pneumatic short-circuit, the 
characteristics in the characteristic elements are chosen such that the digital valves 6-7 and 6-8 
cannot be open simultaneously. This means that the zero crossing of both characteristics in the 
characteristic elements 6-23 and 6-24 takes place at different levels of the signal s, and that the 
switching behavior of the valves which is very similar to a hysteresis curve results over the entire 
range through which the signal s can pass. 

This means that the "sliding mode" control process in this embodiment with a high-pressure 
hydraulic system takes place as described below. The variable Q^^^ increases and consequently 
causes a control error in the volumetric flow controller 6-4. This deviation is converted into a 
switch-on pulse for the digital valve 6-7, a so-called SG valve, such that the current in the coil of 
the valve increases. After overcoming the resetting and the frictional forces, the valve begins to 
open and the pressure measured at the valve 6-7 increases. This also causes the instantaneous> 
volumetric flow Q^^ to increase. If the control condition is fulfilled, i.e., if the signal s in Figure 27 
returns to zero, the valve is switched off and the current drops. The valve then stops the opening 
motion, and the value Q^^t drops further or increases very slowly. If the change of always 
somewhat conforms with the change of Q^^^ (^0), the valve 6-7 is switched with a very high 
frequency, and the valve moves in accordance with the progression of Qnom- The previously 
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described "sliding mode" control process can be most easily realized in the form of an operating 
relationship that can be illustrated in the form of the condition 

S= (Q nom - Q aJ " (dQ .Jdt) * K (6/4) 

Here, control signals s, which represent the input signals of the characteristic elements 6-23 
and 6-24 in Figure 27, are output at a very high frequency if the first term becomes equal to 0, i.e., 
disappears. However, if s > 0, the valves 6-7 and 6-8 must be switched in such a way that a pressure 
build-up takes place. If s < 0, the valves 6-7 and 6-8 must cause a pressure reduction. A certain idle 
time in the valve control between the output of an SO actuating signal and an SG actuating signal 
ensures—as described above—that both valves cannot be simultaneously actuated. However, both 
valves may also be briefly opened in order to minimize ripple during the pressure build-up in the 
recipient. 

The design of the pressure system, in which the pressure control according to the invention 
F is utilized, is shown in Figure 28. Pressure is built up by means of a pressure generator 6-25. The. 
pressure generator usually consists of a pump with a motor that serves as the drive. The pressure 
circuit is aligned in one direction by means of return valves 6-26 and 6-7 which are arranged 
1 upstream and downstream of the pressure generator 6-25, The SG valve 6-7 located downstream 
to the pressure generator 6-25 and the first return valve 6-27. If pressure must be built up 
1 downstream to this valve 6-7, i.e., if the condition s > 0 is fulfilled, this valve is actuated by the 
characteristic element 6-24 such that the valve opens. The pressure is measured directly behind the 
valve 6-7 by the pressure sensor 6-16. If the pressure behind the valve increases above a 
predetermined value, the control condition changes to s = 0 or s < 0, i.e., the SG valve 6-7 is first 
closed and the SO valve 6-8 is then opened. Due to this measure, the pressure on the brakes 6-15 
can be discharged, and the fluid flows into the reservoir 6-28. This alternate switching-on of the 
valves in connection with the monitoring by the pressure sensor 6-16 in the immediate vicinity of 
the valves 6-7 and 6-8 to be actuated allows a very fine metering of the brake pressure as described 
above. 

In another embodiment of this brake system, one valve can be eliminated. This embodiment 
is shown in Figure 29. In this case, the pressure generator 6-25 constantly operates in opposition 
to the pressure in the brake system, where the SO valve 6-7 periodically opens such that the pressure 
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cannot exceed a predetermined value. In other respects, the function of this embodiment is identical 
to that of the embodiment described above. Analogously, the pressure generator may also be 
actuated identically to the SG valve. 

The pressure system can be used for arbitrary brake systems and brake systems that are 
arbitrarily divided over the wheels of a motor vehicle. 

Another aspect of the invention pertains to a method and a device for achieving a transition 
between two driving conditions with the fewest possible jerks. 

A method and a device for stopping an object with few jerks is known from DE 34 34 793. 
In this method according to the state of the art, the instantaneous speed and the instantaneous 
deceleration of an object equipped with a controllable brake system is determined. A nominal 
deceleration value is calculated from these two values. The nominal deceleration value is compared 
with the instantaneous deceleration and a corresponding differential signal is generated. The brake 
system is actuated in such a way that the differential signal becomes minimal and the instantaneous 
deceleration is adjusted to the nominal deceleration value. If "stopping with few jerks" is desired, 
a calculated nominal deceleration value is output, where the deceleration is proportional to a 
function of the speed. In this case, the instantaneous deceleration and the nominal deceleration 
value are identical at the beginning of the operating mode "stopping with few jerks." The nominal 
deceleration value is approximately zero when the instantaneous speed approaches zero. 

In the method according to the state of the art, a beginning condition and an end condition 
are defined by the speed value and deceleration value, respectively. In the driver assistance systems 
which are currently in development and intended for assisting the driver in accelerating and 
decelerating the motor vehicle, a limitation to acceleration and speed represents a disadvantage that 
clearly limits the scope of utilization of the system. More flexible solutions are, in particular, 
desirable for automatic controls of the driving speed (cruise control), the distance to the vehicle 
ahead, the process of starting from a stop and— as the only aspect taken into consideration in the cited 
state of the art— the targeted deceleration. In all these instances, an automatic transition from a given 
instantaneous driving condition to a desired future driving condition should take place. 

Consequently, the objective of this aspect of the invention consists of realizing the transition 
from one driving condition to a desired driving condition, where this should be possible for all 
driving condition parameters, and wherein the jerk associated with the transition should be minimal. 
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The solution of the above-mentioned problem is based on the calculation of the transition 
acceleration by means of a calculus of variations. The result of the calculus of variations is an 
algorithm that delivers the optimal time characteristic of the driving condition in the above- 
mentioned sense during the transition phase. In this case, the duration of the transition phase may 
be a predetermined, constant value or represent a function of at least one of the above-mentioned 
driving parameters. 

In the method according to the invention, the actual condition is defmed by the instantaneous 
location, the instantaneous absolute speed, the instantaneous acceleration as well as the 
instantaneous driving parameters that define the driving condition in an additional reference system. 
This pertains, in particular, to the vehicle that drives ahead. This means that the corresponding 
parameters are the distance (to the vehicle driving ahead) the relative speed (i.e., with respect to the 
vehicle driving ahead) and the relative acceleration (between the first and second vehicles). For 
example, if the instantaneous driving situation is characterized by the fact that the distance is 
excessively short for ensuring safe driving conditions, i.e., the distance differs from the nominal 
distance, a nominal longitudinal acceleration progression that causes a transition from the 
instantaneous driving condition with the unsuitable distance into a nominal driving condition with 
the desired distance with few jerks is determined with the method according to the invention. For 
this purpose, a time-dependent acceleration fiinction that is defined over a predetermined time 
interval is determined in such a way that its integral as a function of the square of its time derivative 
is a minimum, where the beginning condition and the end condition are defined. In the above- 
mentioned example, this would, in particular, pertain to information regarding the instantaneous 
distance to the vehicle driving ahead and the definition of a nominal distance to the vehicle driving 
ahead. This can be mathematically expressed in the form of 

J(x(t))Mt = minimal 7/1 

with 

v(t = g=v,; 7/2 
wherein v is a so-called six-vector that can be illustrated in the form of 



V (t = o)= v,; 
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V = X 

y = X 

V = Jc 

V = s 

V = i 

V = 5 

In a preferred embodiment of the method according to the invention, the acceleration 
function which fulfills the above-mentioned minimal condition is selected from a set of 
predetermined functions such that the storage area is somewhat limited. This is particularly 
advantageous in the numerical evaluation of favorable acceleration functions because the functions 
to be searched must be stored in a limited memory. Depending on the problem on which the 
calculus of variations is based, the quantity of the functions to be searched may, for example, be 
limited to functions that are dependent on the square of the time. Since a quadratic dependence may, 
under certain circumstances, not lead to the desired result, it may be necessary also to take into 
consideration functions that depend on the cube of the time. In both instances, the stored functions 
may depend on the predetermined transition time for reaching the nominal condition and/or on the 
nominal distance and/or on the actual condition and/or the nominal condition based on the 
parameters. In addition, the transition time itself may also depend on driving parameters. 

The evaluation of the most favorable acceleration function as the nominal longitudinal 
acceleration is described below with reference to one example that is illustrated in the figure. The 
figure shows a flow chart, according to which the method is carried out. 

In the example described below, the observed vehicle, into which a device for carrying out 
the method for controlling the longitudinal motor vehicle movement according to the invention is 
installed, travels over range x(t) in the time t. In this case, the separation s(t) between vehicles is 
continuously measured. This is realized with conventional distance sensors, e.g., radar sensors, 
ultrasonic sensors or laser sensors. The distance measurement itself may also be realized with a 
series of pulses that are continuously emitted by the sensor and received by a detector that is 
interconnected to the sensor. However, it is also possible to use continuous signals. These 
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continuous signals are particularly advantageous if the changes should also be measured in 
continuous fashion. In pulsed mode, this is only possible by measuring the transit time differences 
from pulse to pulse, i.e., in discrete fashion. When using a continuous signal, the frequency shift 
of the signal caused by the relative speed can be used. The absolute value of the distance can only 
be determined by means of triangulation or the like when using a continuous signal. The nominal 
separation between vehicles is defined by 

Snom (i)=^b, + b,i: ^h^x' 113 



wherein x represents the driving speed and bo, bj and b2 represent parameters that are discussed 
fiirther below. In this particular embodiment, it is assumed that the nominal separation differs from 
\^ the instantaneous separation between vehicles. The instantaneous driving condition, i.e., the driving 
^ condition at time t = 0, can be illustrated in the form of a six-vector as shown below: 



mi X (6) = X , 

x{o)=x, 



X {o) = x„ 

I,* S (O) = 5„ 

\1 ■ f ^ 

.^j 5(0)=5„ 

¥' 5(o)=5„ 



In order to reach the nominal distance, the driving condition defined by the six- vectors must 
change to a driving condition that is defined by the following six-vectors: 



X (t J = X ^ 
X (tj = X e 

X (te)= X e 
S (te) = S„om(^)(t) 
S (te) = O 
S (te) = O 
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This transition must take place in such a way that the integral in equation 90/1 becomes 
minimal. This means that the square of the jerk is minimized. Due to the squaring of the function 
to be integrated, the objective has become independent of whether the transition acceleration is 
positive or negative. This means that if a solution to this problem is found with the boundary 
condition defined by the previously discussed six- vector, the problem is solved when decelerating 
and when accelerating the motor vehicle. However, it also must be observed that the limits of 
integration for the calculation of the integral are defined. It is, however, possible to constantly adapt 
these limits of integration to the instantaneous driving condition. In other words, the transition time 
t may be freely selected. 

When carrying out the calculation, one initially encounters the problem that it is not known 

n 

at the time t = 0 how the vehicle driving ahead moves for t > 0. Consequently, its movement must 
% be extrapolated. For this purpose, the movement is developed into a Taylor series which is 

in}?! 

Mi terminated after the second order term, so that the following results for the movement x(t) + s(t): 
X(t) + s(t) = (x„ + sj + + sjt +1/2 ix^+sje 7/4 

nj 

\| 

I^jI If this equation is differentiated several times with respect to time, equation 7/4 is 

l^^l transformed into equation 

x (t) = -s (t) 7/5 

such that the variation objective can be formulated in the form of 

JCi" (t))Mt^Min 7/6 
In this case, the following boundary conditions apply 

s(o) = x„ 
Ho) = s„ 
s(o) = s„ 
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X (U = b„ + b, X (t^^Mx (te))' 

X (g = o 
x(g = o 



7/7 



where, in the term for x (tj the value for x(t^) can be substituted. The intermediate result for the 
time history of the separation between vehicles results in the form of 



s(t) = s„+ i„t + (5„tV2 + 

(tn30s„+16 i„t, + 3 sXyi- 

30(b„ + b,(i„+ jf„t, + tejco+ ;co) + 

b2(io+^'ote + t, jco+i<.m/2t/) + 

(t'(-12s„-6 i„t,- 5„t,' + 

12(b„ + b,(i„+ i:<,t, + t,^„+ xo) + 



(t^(-20 s„- 12 5„t,-3 5„t/ + 

20(b<, + b,(i„+ i:„te + tejc„+ Xo) + 



Consequently, the following results for the optimal acceleration progression for the absolute 
acceleration x 



X (t)= x„-(6t' (30s„+ 16 5ot,+ 3 i;\,t,'- 

30 (b<, + b, (io+ ^ote + te X,) + 

b2(io+ ^ote + t, X„+ Xj')))/t/) 

(10t^(-12s<,-6 i„te- 5„te' + 

12(b„ + b,(i„+ 5„t, + t,X„+ X,) + 



(3t(-20s„- 12 iot,-3 s,t,' + 

20(b„ + b,(i„+ if„t, + t,x„+ ij + 



b2(io+^'ote + teiCo+iom/(2 0 + 



b2 ( i o + te + te JC o + i; ofW^ t,'). 



7/8 



b2(i„+ 5\,t, + t, x,+ xj'))yt,' 



7/9 
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As described previously, this is how one proceeds when determining the optimal acceleration 
function, if a transition from an initial condition with a predetermined separation, a predetermined 
relative speed, and a predetermined relative acceleration, as well as a predetermined speed and a 
predetermined acceleration of the motor vehicle into an end condition with a predetermined nominal 
separation from the vehicle driving ahead should be achieved. However, this represents a special 
problem, the mathematical solution of which was presented as an example. It would also be possible 
to adjust other transition conditions, e.g., the transition from an instantaneous speed into a nominal 
speed or nominal relative speed and a transition between an instantaneous acceleration and a 
nominal relative acceleration or nominal acceleration, the calculation of which takes place in 
accordance with essentially the same principles as described above. 

The method, according to the invention, which is identical for all transition conditions is 
shown in Figure 30. If an optimum acceleration function for the transition from an actual condition 
^ into a nominal condition should be determined, the method is started (step 7-Sl) by writing a high 
value into memory. This value in the memory represents the integral of a fictitious function— in step 
M' 7-Sl —which must be minimized, wherein selected ftinctions are compared with this fictitious 
function in the ensuing steps. 

In the next step 7-S2, a function that is subsequently processed and compared with the 
p above-mentioned fictitious function is selected from a fiinction space. In the simplest case, the 
l2 memory contains a series of first-order polynomials, where the desired function is, depending on 
'■^1 the desired highest power of the fimction, formed by multiplying several polynominals of the first 
y,, degree. In addition, the memory may also contain exponential fimctions in the form of its decay 
coefficients. A person skilled in the art is familiar with these techniques, which are thus not 
discussed in detail. 

During each selection of a function from the function space, a loop parameter n is 
simultaneously incremented. 

In the next step 7-S3, the selected fiinction is differentiated with respect to time and then 
squared. 

In step 7-S4, the function is finally integrated over the limits 0 and t^, i.e., the end of the 
transition phase. Here, t^ initially represents a fixed value. However, this value may, depending on 
the respective requirements, be adapted to the respective nominal speed and/or the respective 
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nominal separation and/or the absolute speed and/or the instantaneous separation during the course 
of the method. 

In step 7-S5, the value of this integral is compared with the value stored in memory in step 
SI . If the value of the integral less than the value stored in memory, the process continues with step 
7-S7, where the function is stored in a function memory in parameterized form. This function 
memory is designed similarly to the function space in step 7-S2, but this memory is designed for 
only one function. After step 7-S7, it is determined whether the loop parameter is identical to a 
predetermined value which represents the upper limit of the functions to be tested. This comparison 
takes place in step S6. 

If it is determined in step 7-S5 that the value stored in the memory is less than the integral 
value when comparing the previously evaluated integral with the value stored in the memory, the 
process also continues directly with step 7-S6, i.e., step 7-S7 is bjq^assed. 

If it is determined in step 7-S6 that the loop parameter n has not yet reached the maximum 
value n^ax, the process returns to step 7-S2, and a new function is selected from the function space 
while incrementing the loop parameter n. However, if it is determined that the loop parameter n is 
already identical to the maximum value n^^^, the function stored in the function memory is output 
in step 7-S8 as the result. The sequence ends with step 7-S9 which follows step 7-S8. 

Once a mathematical expression for the optimal acceleration function that, for example, 
represents a third-order polynomial is obtained after carrying out the method according to the 
invention, the coefficients of the polynominal depend on the predetermined transition time t^ for 
reaching the nominal condition and/or on the instantaneous nominal separation and/or on the 
instantaneous relative speed and/or the instantaneous relative acceleration and/or the instantaneous 
absolute speed and/or the instantaneous absolute acceleration based on the parameters. In this 
context, the term "instantaneous" refers to the beginning of the transition phase. When defining 
such a third-order polynominal as is illustrated in equation 7/9, the independent variable t may be 
set equal to the sampling time during the digital processing for a discrete-time longitudinal motor 
vehicle controller, so that the optimal acceleration value for the ensuing sampling time is obtained. 
If one intends to utilize linear filters for determining the optimal acceleration change in a 
continuous longitudinal motor vehicle controller, one attains the filter coefficients by developing 
equation 7/9 into a series up to the desired order. 
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The device according to the invention for carrying out the above-mentioned method contains 
a memory for storing a numerical value that represent the integral of a function, several function 
memories that are combined into a function space, where the functions, from which the transition 
function should be determined, are previously stored in said function memories, and an individual 
function memory in which the function that solves the variation problem is stored. In addition, the 
device contains a differentiation element for differentiating a selected function, where the output of 
said differentiation element is connected to the input of a squaring element for squaring the 
differentiated function. This squaring element multiplies the function by itself and then forwards 
the result to the input of an integrator. This integrator forms the integral of the input signal, wherein 
the lower limit of integration generally coincides with the start of the sequence of the process. 
However, the lower limit of integration may, for example, also be freely selected by the driver, and 
the upper limit of integration t^ is predetermined by the driver. In addition, the control device 
. pi according to the invention contains a comparator for comparing the output value of the integrator 
Wj with the numerical value stored in memory and for outputting the determined optimal acceleration 
function. 

Another aspect of the invention pertains to a distance control method with virtual springs and 
^4 dampers, i.e., with an artificially generated dynamic during the process of adjusting the separation 
P between vehicles, as well as a device for carrying out this method. 

It is generally known to determine the nominal separation from the vehicle driving ahead as 
"^'4 a function of the instantaneous speed of the second vehicle. However, the nominal separation 
|4, between vehicles can also be determined as a function of the relative speed between vehicles. For 
this purpose, the second vehicle speed and the separation between vehicles is determined. One 
system of this type is known from DE 43 12 595, for example. The safety system described in this 
publication contains a distance sensor for determining the separation between vehicles and a 
program-controlled computer for processing the signals of the distance sensor and outputting 
corresponding control commands. The ultrasonic distance sensor operates in accordance with the 
propagation time principle. The computer differentiates the measured value of the distance sensor 
with respect to time, and activates a warning device and decelerates the motor vehicle if the relative 
speed is sufficiently high and the separation sufficiently small that a collision is unavoidable without 
initiating a braking maneuver. Another example of such a safety system is known from US 5 165 
497. 
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In order to control the separation between vehicles, the (second) motor vehicle must be 
respectively accelerated or decelerated with the aid of the so-called E-Gas, i.e., the electrically 
controllable engine torque, and an active brake, i.e., an electrically actuated brake, in such a way that 
a predetermined distance which depends on the speed (of the second motor vehicle) is adjusted. 

However, practical tests have demonstrated that a significant period of time may pass 
between the output of the predetermined acceleration value by the control unit and the time at which 
the motor vehicle actually reaches the acceleration value. This so-called idle time causes, in the 
above-mentioned controllers and systems according to the state of the art, the entire system, 
consisting of several motor vehicles driving one behind another, to oscillate, so that the oscillations 
keep getting bigger, until finally individual speeds of motor vehicles drop to zero or a traffic jam 
occurs in a line of motor vehicles. 

Consequently, the objective of this aspect of the invention consists of disclosing a method 
and a device which make it possible to prevent undesirably sudden changes in the speed of the motor 
vehicle. 

This objective is attained with the characteristics of Claims 1 14 and 118. The respective 
subordinate claims pertain to preferred embodiments of this method and this device. 

While investigating the above-mentioned problem, the inventor recognized that the 
separation control between two vehicles can be described with a model that consists of a mass 
coupled to a spring and a damper for the friction. The following description pertains to this model. 

The method is characterized by outputting a nominal tracking acceleration for reaching a 
nominal separation S^om between vehicles, where said nominal separation depends on the 
instantaneous separation s, the relative speed v^, and the absolute speed v^bs- In this context, the term 
instantaneous separation s refers to the separation at the time at which the output of the nominal 
tracking acceleration ^jnom takes place. This dependence of the nominal tracking acceleration aj^^^ 
on the separation s, the relative speed v^ei and the speed of the second vehicle or absolute speed v^bs 
introduces, in contrast to the state of the art, an additional term into the determination of the nominal 
tracking speed which, when observed in a model, corresponds to the friction of the vehicle on the 
roadway. The idle times or reaction times of the controls and actuators of the motor vehicle can be 
modeled by means of the mass, and the control of a constant separation between vehicles can be 
modeled by means of a spring. 
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In one preferred embodiment, the nominal tracking acceleration a p is the sum of a first 
component f that depends on the instantaneous separation s from the vehicle driving ahead, and a 
second component g that depends on the relative speed v„, between vehicles. Here, the 
dependencies are a function of the absolute speed Vg^s, i.e., this can be illustrated in the form of the 
formula 

a F nom = a p (f(v,bs, S) , g(v,bsb V,e.)) 8/ 1 

where f and g are predetermined functions. 

In one particularly preferred embodiment, the functions f and g are added. 
In another preferred embodiment of this method, the nominal tracking acceleration apno^, is 
determined in the form of a sum of three components. Here, the first term of the sum or the first 



O component depends on the relative speed v^ei in this embodiment. The second term of the sum is, 
^ ' in particular, proportional to the relative speed. The third term of the sum depends on the absolute 



M: motor vehicle in which the system according to the invention is installed. The third term of the sum 

VJi 

is, in particular, proportional to the absolute speed, i.e., a nominal tracking acceleration in the form 



results. Here, eLj^om represents the predetermined acceleration value or the nominal tracking 
acceleration value, a(s) represents a separation-dependent term, and, in particular, is proportional 
to the second time derivative of the separation s between the (second) motor vehicle and the vehicle 
driving ahead, and v^g, and v^^^ respectively represent the relative and absolute speed of the (second) 
motor vehicle to the vehicle driving ahead and to the road, respectively. The coefficients b and c 
are weighting factors. 

The weighting factors may be constant. However, this has the disadvantage that the 
additional friction terms ultimately cause the separation between vehicles to undesirably increase. 




M| speed, i.e., the speed of the second motor vehicle. The term second motor vehicle refers to the 



I-*' of 



ajnom = a(s) + b * V,„ + C * V^bs 
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In one preferred embodiment of the method according to the invention, variable coefficients are 
used in the evaluation of the nominal tracking acceleration. These variable coefficients then 
preferably depend on the relative speed v^„ so that the following applies: 

b= b (v,,,) , c = c (v^i) 

where equation (8/2) can be illustrated as shown below: 

axrom = a(s) + b(v^,) * V^, + c(v,,i) * v.^^ 

The functional dependency of the coefficients on the relative speed is suitably predetermined 
and adapted to the respective situation. This is, in particular, advantageous if the weighting of the 
' pi, individual components or term of the sums in the above-mentioned equation (8/2) should depend 
M' on the driving conditions. This makes it possible for the "damper" between the two vehicles to 
01 become the determining factor for the nominal tracking acceleration at low differential speeds and 
)S\ ii^Q "damper" between the vehicle and the road to become the determining factor for the nominal 
© tracking acceleration at high differential speeds. The transition between these two cases can be 
realized smoothly if the dependence of the coefficients on relative speed is also chosen in 
dependence on time. 

Due to the variable coefficients, the correlation between nominal tracking acceleration and 
relative or absolute speed is no longer linear. This already applies to the very simple equation (8/2). 
In addition to representing the nominal tracking acceleration as a sum, it is, of course, also possible 
to find more complicated functions that are based on other friction laws in order to obtain special 
effects. This essentially corresponds to nonlinear springs and dampers. 

The method was numerically simulated and provided the expected result: the oscillations in 
a line of motor vehicles caused by the idle times between the output of a nominal acceleration value 
that was calculated without virtual springs and masses and the time at which the desired acceleration 
is reached were suppressed with the method according to the invention, so that permanent deviations 
no longer occurred. 

Figure 3 1 shows two vehicles 8-1 and 8-2, one behind the other, where the control system 
according to the invention is installed in the second vehicle 8-1. The two vehicles are connected by 
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means of a virtual spring 8-3 and a virtual damper 8-4. These two virtual coupling elements are 
adjustable, i.e., a desired or nominal separation between the two motor vehicles results. This desired 
or nominal separation is composed of a term that depends on the absolute speed and a so-called 
"offset** term S^ff^^^, The term that depends on the absolute speed can be illustrated as the product 
of a time constant and the absolute speed Vg^s- The time constant in the product represents the time 
that would elapse at the instantaneous absolute speed until the (second) motor vehicle 8-1 would 
impact the stationary **lead** vehicle (time to collision, T^o,). The damper 8-4 somewhat counteracts 
the spring and thus prevents excessively high excursion or oscillation amplitudes of the system 
consisting of two vehicles, one behind the other. 

The circumstances shown in Figure 3 1 correctly reflect the situation in the steady-state case. 
However, during the transition to the temporally changed case, the development of the driving 
Qi parameters over time must also be taken into consideration. The design of the control system 
fjl according to the invention which is used for this purpose is shown in Figure 32. 

f A distance sensor 8-5 outputs signals that correspond to the instantaneous separation of the 

,Mi vehicle 8-1 from the vehicle 8-2 driving ahead. These signals may be derived from the transit time 
■% of, for example, ultrasonic pulses or output signals of infrared sensors, radar sensors, and the like. 
^- However, these signals may also be obtained by means of triangulation when using continuous wave 
Vii signals. Due to the continuously measured distance, its change over time, i.e., its time derivative 
H Vrei, is also kuown. The speed selector switch simultaneously predetermines the instantaneous 
P nominal speed of vehicle 8-1 and consequently a nominal separation that vehicle 8-1 must maintain 
relative to the vehicle 8-2. As described previously with reference to Figure 31, this nominal 
separation can be described in the form of 

Snom ~ '^co\ * ^abs ~^ ^offset 

The nominal separation d output by the speed selector switch 8-6 is subtracted from the 
instantaneous distance output by the distance sensor 8-5 in a subtractor 8-7. The difference signal 
between both distances which is output by the subtractor 8-7 represents the input variable for a 
spring characteristic element 8-9. A first acceleration value is generated in this spring characteristic 
element 8-9 in accordance with the input variable. The relationship between the input variable and 
the output variable, and hence the first acceleration value, is usually nonlinear in this case. 
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In addition to the determination of a first acceleration value by the spring characteristic 
element 8-9, the distance signal of the distance sensor 8-5 which is differentiated with respect to 
time (and, in particular, may be obtained from a Doppler shift measurement) is used for determining 
a second acceleration value. In this case, the temporally derived signal is used as the input variable 
for a damping characteristic element 8-8 that outputs a second acceleration value. In this case, the 
relationship between the input variable and the output value is also usually nonlinear. 

In both characteristic elements 8-8 and 8-9, characteristics which depend on the absolute 
speed are used in the method according to the invention, i.e., the characteristics stored in each 
characteristic element depend on the parameters for the instantaneous absolute speed v^^s of the 
second vehicle. 

The two acceleration values are added in an adder 8-10, filtered and limited with respect to 
13 their maximum amplitude by a filter 8-11. This filtered and limited acceleration value corresponds 
yj to the nominal tracking acceleration. 

In another embodiment of the control device according to the invention, which is shown in 
H= Figure 33, the characteristic elements 8-8 and 8-9 are combined into a performance map 8-12, so 
that a corresponding value for the acceleration can be read from a quasi three-dimensional 
performance map if the separation and the relative speed of the distance sensor 8-5 are used as input 
'\| variables. In this case, the family of performance maps also depends on the parameters of the 
f '(' instantaneous absolute speed v^^^ of the vehicle. The embodiment shown in Figure 33 has the 
Cp]i advantage that the adder 8-10 can be eliminated. If the values are stored in a table, calculations are 
no longer necessary. 

Figure 34 shows the progression of important driving variables during the control phase. In 
Figure 34a, the progression of the separation between vehicle 8-1 and vehicle 8-2 is plotted as a 
fianction of time. At time t = 0, this separation amounts to, for example, 200 m. The nominal 
separation is assumed to initially amount to 10 m. However, this nominal separation does not have 
to be constant over time, wherein the nominal separation depends, as described above, essentially 
on the instantaneous driving situation, in particular, the speed of the vehicle driving ahead, the 
absolute speed of the second vehicle, etc. 

In order to attain a smooth adjustment of both motor vehicles to the nominal separation as 
shown at the right of the graphic illustration of the temporal progression of the separation and the 
nominal separation, the speed shown in Figure 34b must be adjusted. In this case, it is assumed that 
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the first vehicle 8-2 travels at a constant speed of 50 km/h. If vehicle 8-1 is accelerated in order to 
reduce the distance to the first vehicle 8-2, the nominal separation as a function of changes in 
dependence on the absolute speed as shown in part a of Figure 34. Since the speed is continuously 
adjusted as a function of the instantaneous distance from the first motor vehicle 8-2, slight 
fluctuations in the speed curve which are of somewhat "higher frequency" occur. These portions 
of higher frequency in the speed manifest themselves in the acceleration signal shown in Figure 34c. 
In this figure, these portions are clearly defined and show the reaction and the adjustment of the 
nominal tracking acceleration by the system and method according to the invention. 

Another aspect of the invention pertains to an operating concept for a separation-regulating 
cruise control and, in particular, a method for adjusting the nominal separation between vehicles 
with a distance controller, where the driver is able to modify the adjusted separation. This aspect 
of the invention also pertains to a device for carrying out this method. 
i|f]! When contemplating an automatic control for the separation between vehicles, the question 

regarding the correct amount of separation arises. There are certain rules of thumb, e.g., "half the 
Ni speedometer reading" and the legally prescribed safety distance of "one fourth of the km/h traveled 
0 in meters." However, these values are frequently not observed and the safety distance between 
motor vehicles becomes too small. 

•71 

C3 In automatic separation controllers, the nominal separation between vehicles is determined 

\| 

l^; as a function of the own instantaneous speed. In order to realize this separation control, the 
instantaneous distance to the first vehicle and the absolute speed is determined, whereafter a first 

M. nominal separation is determined from the instantaneous separation and the absolute speed. 

Such a system is known from DE 31 30 873, for example. The separation controller 
described in this publication can be used in a first vehicle that is engine-driven and contains a power 
control element that is prestressed into an idle position for the engine, a brake control element, and 
a signal generator. The signal generator generates first control signals that are proportional to the 
distance to the leading second vehicle, as well as second control signals that actuate the power 
control element and the brake control element once the distance between the motor vehicles falls 
short of a predetermined distance. If the distance falls short of a first value, the first actuator moves 
the power control element in the direction of the idle position as the distance becomes smaller, 
against the effect of an increasing spring force. If the distance falls short of a second value that is 
smaller than the first value, and if the power control element was moved toward the idle position 
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by a predetermined distance, the second actuator increasingly decelerates the first vehicle as the 
distance becomes smaller. If the distance falls short of a third value that is smaller than the second 
value, the signal generator delivers third control signals for initiating a full brake application of the 
first motor vehicle to the second actuator, wherein the signal generator also delivers third control 
signals for resetting the power control element into its idle position and for maintaining the power 
control element in its idle position to a third actuator. 

Another example of such a method for controlling the distance between motor vehicles is 
known from DE 44 37 678. In this method, the distance between vehicles is determined by a 
measuring unit, this distance is evaluated by a control unit, and a nominal distance that depends on 
the speed is adjusted as a function of this evaluation. 

However, these controls are usually switched off by the driver if the distance controller 
constantly must intervene with the vehicle control due to the traffic flow. This would lead to an 

J^; excessively fi-equent deceleration of the motor vehicle, e.g., because other motor vehicles frequently 

iy| merge in front of the vehicle equipped with the distance controller. In most distance controllers, the 
speed control is immediately switched off once the accelerator pedal or the brake pedal is actuated. 

'v^ Once the driver switches off the distance controller, it may occur that vehicles drive excessively 

# close to one another despite the installed distance controller. 

ill 

pij This is good reason variable distance controllers are currently being investigated. Additional 

Operating elements for the driver, e.g., a turning knob or a slide switch, for inputting the degree of 
SI falling short of the safety distance, are currently subject of experiments for these distance controllers 
ij;^; which are still in the development phase. These new operating elements have the disadvantage that 
they represent "additional" operating elements, the function of which the driver initially must 
comprehend. 

The objective of this aspect of the invention consists of disclosing a method and a device 
which make it possible for the driver to fall short of the safety distance without having to switch off 
the distance controller and without requiring additional operating elements. 

This objective is attained with the characteristics of Claims 122 and 126. The respective 
subordinate claims pertain to preferred embodiments of this method and this device. 

The method is characterized by outputting a second nominal separation S^om once the 
accelerator pedal is actuated. Thus, the driver need not switch off the distance controller. 
According to the invention, the legally permitted separation is maintained while the distance 
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controller is switched on as long as the accelerator pedal (gas pedal) of the motor vehicle is in its 
starting position. However, once the driver actuates the accelerator pedal, the nominal separation 
to be controlled is shortened as a function of the value of the pedal actuation. Consequently, the 
driver still has full control over the vehicle and remains responsible for falling short of the safety 
distance. However, the driver is still able to utilize the advantages of the automatic distance control. 

In one preferred embodiment, warning signals, the volume of which depends on distance, 
where the separation between the motor vehicles goes below the nominal separation, are output once 
the separation is less than the safety distance. These warning signals are output acoustically and/or 
optically and/or haptically. 

Due to the proposed measures, the operation of the distance controller according to the 
invention is superior to that of the distance controller of the state of the art because it may remain 
continuously switched on in all driving situations, particularly in heavy traffic. This means that the 
. -p distance controller need not be deactivated if the driver intends to go below the safety distance, as 
WS is the case with the controller of the state of the art. The behavior of the distance controller 
|r|. according to the invention is transparent with respect to the fact that the actuation of the accelerator 
K pedal causes the second vehicle to move closer to the first vehicle despite the fact that the distance 
ip controller is switched on, wherein the second vehicle increases the distance to the first vehicle when 

p the accelerator pedal is released. The distance control always remains active and prevents a 

\\\ 

collision, even at a reduced safety distance. 
^'4 One embodiment of the method according to the invention is described below with reference 

to the figures. 

In the method for controlling the nominal separation to the vehicle ahead according to Figure 
35, the separation s to the vehicle ahead is measured in step 9-S2 which takes place after the start 
of the method (step 9-Sl), and hence, the activation of the distance controller or the control device. 
This is conventionally realized with the aid of a distance sensor that, for example, is based on the 
propagation time measurement of ultrasonic pulses, laser pulses, or radar pulses, or the triangulation 
of continuous wave laser signals. 

An absolute speed v^bs of the motor vehicle is then determined in step ~S3. For this purpose, 
the reference speed of an ABS system is preferably utilized. However, it would also be possible to 
evaluate any other signal that represents the speed of the motor vehicle, e.g., the speedometer signal. 
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A first nominal separation S^^^ that depends on the absolute speed v^^^ is determined from 
the variables known thus far in step 9-S4. 

If it is determined in step 9-S5 that the driver intends to accelerate the motor vehicle by 
actuating the accelerator panel, i.e., if it is determined that the distance betw^een the two motor 
vehicles would go below the first nominal separation, the system detects the driver's intentions. For 
this purpose, the angle of the accelerator pedal can be determined. 

A new, second nominal separation S^^^^ is determined and output in step 9-S7, based on the 
driver's intentions. In this case, the new nominal separation S^^^. may depend on the angle , e.g., 
linearly or via a previously stored characteristic. The second nominal separation is adjusted in step 
9-S8. 

After the determination of the new nominal separation S^^^^, the process jumps to the same 
step as after step 9-S5, at which the process is continued if the driver has not actuated the accelerator 
pedal. 

y| The method ultimately examines in step 9-S9 whether the distance control should be 

switched off. If this is the case, the process jumps to step 9-SlO which represents the end of the 
|iF^i process. 

"iS If it is not intended to switch off the distance control, the process jumps back to Step 9-S2 

p and continues with the determination of the instantaneous separation s to the motor vehicle ahead, 
y The previously described steps follow until the motor vehicle has reached its destination or the 
Nl distance controller is deactivated. 

jj^, Another aspect of the invention pertains to a method for adapting the curve speed of a motor 

vehicle while driving through a curve as well as a device for carrying out this method. 

It is generally known to automatically adapt the speeds to the instantaneous circumstances 
and thus assist the driver in controlling the vehicle; consequently, the driver is relieved from having 
to carry out routinely required operations. On a straight roadway, these tasks are, for example, 
fulfilled by a distance controller or a cruise control. These components automatically initiate 
acceleration and deceleration maneuvers as a function of the instantaneous traffic conditions, and 
thus prevent tailgating or maintain an adjusted cruise control speed independently of hills. 

The tasks to be ftilfilled by a comprehensive speed control also include the reducing of the 
speed through a curve if the speed is too high and it is impossible for the motor vehicle to safely 
drive through the curve or the comfort of the passengers is diminished. 
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Practical experiments have demonstrated that such a simple limitation of the curve speed 
increases safety, but does not take into consideration the desire of the passengers for comfortable 
driving conditions. It is frequently desired to have an adapted driving mode adjusted before a 
situation occurs, in which the automatic control influences the control of the vehicle for safety 
reasons (expanded speed control). 

The objective of this aspect of the invention consists of disclosing a method and a device for 
adapting the curve speed. 

In the method for automatically adapting the speed of the motor vehicle to a curve, the 
absolute speed of the vehicle is initially determined. The method utilizes already known variables 
and may be implemented in a motor vehicle and actuated independently or in connection with a 
distance controller and/or a speed controller. A combined system provides certain advantages 
because all known systems partially utilize the same actuators and sensors. In this case, the driving 

P 

^, P} situations, during which the system intervenes, and the intended effects of the systems are, however, 
W different. 

In the following description, the term longitudinal dynamic control refers to a speed control 
m as well as a distance control or any other control which influences the speed of the motor vehicle. 

The method according to the invention for automatically adapting the speed of the motor 
Q vehicle to a curve is characterized by determining a transverse acceleration of the motor vehicle, 
l^i* This transverse acceleration may either be measured directly with an acceleration sensor or 
determined from the yaw rate and the motor vehicle speed if at least one axle of the motor vehicle 
l^ii is not subject to a transverse drift. The determined transverse acceleration is compared with a 
predetermined transverse reference acceleration, and a corresponding speed correction signal is 
output. Based on this speed correction signal, an intermediate acceleration value is determined such 
that a transverse limiting acceleration is not exceeded in the curve. 

This takes place without requiring an active intervention by the driver. Once the motor 
vehicle has driven through the curve and enters a straight roadway again, the transverse acceleration 
drops to zero. A control intervention in the sense of a curve speed adaptation is no longer required 
in this case. 

The transverse reference acceleration, with which the actual transverse acceleration is 
compared and which may correspond to the limiting acceleration, lies between approximately 2 and 
3 m/s^ for comfortable driving conditions. 
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The advantage of the method according to the invention is that the absolute speed of the 
motor vehicle is adapted to the radius of the curve while driving through curves, so that the 
transverse acceleration stays within a range of values for maintaining comfort. In motor vehicles 
with cruise control, it is advantageous that the nominal speed be always maintained at the value 
adjusted for a straight roadway. Consequently, the driver need not switch off the speed controller 
function or reprogram the speed controller before and after each curve. 

The device according to the invention consists of a control device for automatically adjusting 
the speed. 

The control device according to the invention is characterized by means for determining a 
transverse acceleration of the motor vehicle and a comparison device for comparing the transverse 
acceleration with a reference transverse acceleration and for outputting the speed correction signal 
in the form of an intermediate acceleration value, 
jpl Figure 36 shows the process sequence of the method according to the invention in the form 

Ul of a flow chart with the steps 10-Sl through 10-S3. After starting the system, the absolute speed 
|4, of the motor vehicle is initially determined. This is usually realized with the aid of the motor vehicle 
% speedometer. However, it would also be conceivable to determine the rotational speed of the 
^11 individual wheels, particularly if the motor vehicle is equipped with an ABS control. 

if; 

•Ql In order to maintain a comfortable curve speed, the transverse acceleration a^ is determined 

.'"^ in step 10-Sl. A person skilled in the art is familiar with various options for determining the 

Hi 

transverse acceleration a,,^. The direct determination of the transverse acceleration is realized with 
i;^, the aid of a suitably installed acceleration sensor. This sensor directly measures an acceleration 
component that acts upon the motor vehicle perpendicular to the longitudinal vehicle direction, in 
the horizontal plane of the motor vehicle. Another option for determining the transverse 
acceleration consists of measuring the yaw rate (angular speed about the vertical axis of the motor 
vehicle) and multiplying said yaw rate by the motor vehicle speed (the tangential speed along the 
curve). The second option for determining the transverse acceleration provides the advantage that 
a separate acceleration sensor can be eliminated because a yaw rate sensor is already provided in 
many motor vehicles. For example, (oscillatory) gyroscopes are utilized as yaw rate sensors. If this 
sensor should also be eliminated, it is possible to utilize the ABS control and determine the yaw rate 
from the rotational speed of the wheels. In addition, the yaw rate may also be determined from an 
output signal of a steering wheel position sensor and the absolute motor vehicle speed. 
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The measured or determined transverse acceleration is compared with the acceleration 
limiting value (step 10-S2). A differential signal that is converted into a speed correction signal in 
the form of an intermediate acceleration value and subsequently output (step 10-S3) results from the 
comparison of these two variables. 

In order to make it possible to carry out a continuous adaptation of -SI after step 10-S3 and 
continues with the steps 10-Sl through 10-S3. 

The control device for realizing this method is illustrated in Figure 37. This control device 
contains means 10-1 for determining the absolute speed. In order to correct the absolute speed while 
driving through curves, the control device according to the invention is provided with means 10-2 
for determining the transverse acceleration. This may pertain to the various types of sensors 
described above, namely a direct acceleration sensor or a combined speed and yaw rate sensor. The 
means for determining the transverse acceleration outputs an acceleration value that is compared 
with a reference value in a comparison device 10-3. The reference value corresponds to an 
ki acceleration at which the process of driving through a curve is still perceived as comfortable by the 
passengers. 

A speed correction signal is derived from the comparison signal by the output device 10-4. 
^,p| This speed correction signal is incorporated into the method for controlling or regulating the motor 

vehicle in the form of an intermediate acceleration value. 
^'^'^ The method according to the invention and the corresponding device make it possible to 

'^^jj automate recurring operating processes, e.g., when entering and exiting freeways. 

pi 
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Code: 1991-70827 
Ref: 64098-705 (AP 8899) 

METHOD AND DEVICE FOR CONTROLLING OR REGULATING MOTOR VEHICLES 

The present invention pertains to improvements in controlling or regulating motor 
vehicles. The aspects cited in this application may be applied individually in combination. 
Certain advantages are achieved v^th combined applications. 

A first aspect of the present invention pertains to a method and device for controlling or 
regulating a motor vehicle in accordance with the preambles of Claims 1 and 10. 

In modem methods or systems for regulating motor vehicles, various components are 
utilized which, in particular, are able to influence the control of the longitudinal dynamic 
(acceleration and respective deceleration in the driving direction) in order to assist the driver v^ho 
had to perform this task by himself until now: 

-the speed regulator that is controlled by the driver (cruise control), 

-a motor vehicle follower control for monitoring and maintaining or adjusting the 
distance to the vehicle directly ahead, 

-dynamic curve controls that also influence the speed and acceleration in the driving 
direction, 

-engine/transmission controls that regulate the engine v^th respect to 
technical/economic/ecological principles, and 

-brake controls, e.g., distance-aided brake assistant, analog brake assistant. 

The above-mentioned listing of system components certainly is not exhaustive at this 
time. These components predetermine nominal values for the acceleration and/or the speed which 
are respectively determined in accordance with their criteria. Consequently, it is necessary to 
coordinate the various sources for nominal values in order to control the engine and the brakes in 
suitable fashion. 

One known example of such a coordination is the interaction between the desires of the 
driver (gas pedal), the cruise control, and the motor vehicle follower control. Here, the motor 
vehicle follower control predetermines, if so required, suitable nominal speeds for the cruise 
control such that the motor vehicle follower control is able to reach its control target. This means 
that the motor vehicle follower control is connected in series with the cruise control. The desires 
of the driver, i.e., actuation of the gas pedal, are usually incorporated into the system in such a 
way that they override the automatically generated signals. The longitudinal dynamic control 
system is switched off when the brakes are actuated. 
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The aforementioned system and respective method have the disadvantage that the 
dynamic behavior of the follower control cannot be better than that of the cruise control. It was 
determined that the dynamic behavior is inadequate. 

The object of this aspect of the invention consists of disclosing a method and a device for 
controlling a motor vehicle which make it possible to determine suitable reference variables for 
the motor vehicle control. 

This object is realized by the characteristics of Claims 1 and 10. The dependent claims 
pertain to preferred embodiments of the invention. 

In order to achieve a sufficient dynamic, the control interventions according to the 
invention are not realized via the speed controller, but rather, directly, i.e., comparable to the 
driving interventions of braking and accelerating. These driving interventions alter the 
longitudinal acceleration of the motor vehicle in the form of a control variable; the longitudinal 
acceleration is selected as the control variable. 

Individual embodiments of the invention are described below with reference to the 
figures, wherein: 

Figure 1 shows a first embodiment according to the invention. 

One embodiment of the invention is described below with reference to Figure 1. 

Figure 1 shows an example of different sources for predetermining nominal values. The 
reference numbers l-17a-c identify various sensors, based on the output of which nominal 
accelerations are generated. Reference number 1-1 7a designates a distance sensor that determines 
the distance to the vehicle driving directly ahead. A motor vehicle follower control 11a 
determines a suitable motor vehicle acceleration afou for the motor vehicle follower control based 
on the signals output by the sensor l-17a. Reference number l-17b designates pushbuttons that 
are located on the steering wheel or a steering column switch for influencing the cruise control. 
The pushbuttons may consist of switches for setting, increasing, decreasing or resuming a certain 
nominal speed. The cruise control 1-1 lb determines an acceleration acmise for reaching the desired 
control target based on the control input with the aid of the aforementioned pushbuttons or other 
operating restrictions. The driver is able to directly influence the motor vehicle by actuating 
pedals 1-1 7c (brake pedal and gas pedal, and, if applicable, the clutch pedal). A suitable control 
1-llc determines an acceleration apedai from these variables as well as other operating conditions. 
Reference number 1-lld designates additional sources for intermediate acceleration values, e.g., 
a curve speed adaptation or a driving stability control. 

According to the invention, it is proposed to functionally generate the individual nominal 
accelerations in parallel fashion by the respectively "responsible" components 1-1 la-1-1 Id, 
wherein the generated nominal longitudinal accelerations are supplied to a coordination unit 1-12 



in parallel, and wherein a resultant nominal longitudinal actuation auom is determined in suitable 
fashion in the coordination unit. 

This acceleration aLnom is forwarded to an acceleration controller 1-13 that actuates 
different motor vehicle actuators, e.g., the brake l-14a and/or the transmission l-14b and/or the 
engine l-14c, based on this acceleration. 

Various designs of the coordination unit 1-12 are conceivable. For example, the 
coordination unit 1-12 can be simply designed in such a way that it forwards the smallest 
numerical value of all values input into the coordination unit to the acceleration controller 1-13 
as the nominal value atnom. In this case, the "smallest value" should be interpreted in the 
mathematical sense, i.e., by taking into consideration the preceding sign. However, the 
coordination unit 1-12 may also form a weighted average of all received values, wherein the 
weights may, if so required, be adapted or shifted depending on the given situation. The state 
variables in and around the motor vehicle are determined by means of sensors 1-16 and l-17a-c. 
The values delivered by these sensors may be used for controlling the weight or the selection of 
individual nominal acceleration values input into the coordination unit 1-12. 

The components 1-1 la-d, which generate the individual nominal values, lie and 
consequently operate fimctionally parallel to one another. Consequently, it is possible to provide 
the individual components v^th different characteristics without the risk that such characteristics 
will be compromised by subsequent components. For example, it is possible to adjust the cruise 
control to "soft," wherein the distance follower control can be adjusted to "direct." In the system 
according to the invention, if signals from the cruise control 1-1 lb and the motor vehicle 
follower control 1-1 la appear concurrently, the coordination unit 1-12 is able to select the 
acceleration afoii output by the motor vehicle follower control 1-1 la and feed this acceleration to 
the acceleration controller 1-13 as the acceleration auiom v^thout the risk that the "direct" 
characteristic of the motor vehicle follower control will be compromised by the "soft" 
characteristic of the cruise control 1-1 lb. In the initially described known example, the output 
result of the motor vehicle follower control would be evaluated by the downstage cruise control 
and possibly compromised. 

The components 1-1 la-1-1 Id that generate the nominal values are not limited to the 
previously described example. Additional refinements of the motor vehicle control may contain 
other components that individually generate nominal values. These additional components may 
be connected in parallel to the already existing components and incorporated into the 
coordination carried out by the coordination unit 1-12. 

The entire system is monitored by a control and safety logic 1-18 that ensures the control 
sequence and, if individual components fail, is able to intervene by taking corresponding 
measures, e.g., switching off part of the system, sv^tching of the entire system, etc. An 



adaptation of different steady state characteristics to different classes of drivers is also possible 
by monitoring the behavior of the driver, the motor vehicle reaction and the ambient conditions. 
The control and safety logic 1-18 also controls and monitors the user interface 1-15 by 
exchanging signals with this unit. 

Another aspect of the present invention pertains to a method and device for adjusting a 
predetermined nominal acceleration of the motor vehicle. In the mathematical sense, the term 
"acceleration" also includes negative values, i.e., driving conditions which are generally referred 
to as braking maneuvers. 

A nominal acceleration may, for example, be predetermined directly by the driver or 
indirectly by an ICC-system (intelligent cruise control). In ICC-systems, nominal accelerations 
are, for example, not only determined based on the driver's intentions, but also in accordance 
with, for example, a motor vehicle follower control (controlling the distance to the vehicle 
directly ahead), a control for avoiding hazardous traffic situations, etc. For this purpose, motor 
vehicle state variables are determined by means of sensors (e.g., gas pedal, brake pedal, throttle 
sensor, intake air quantity, engine speed, transition gear ratio). In addition, extemal state 
variables, e.g., the distance to the vehicle directly ahead, the road conditions, as well as the 
general surroundings and stationary obstacles are, if so required, determined by suitable sensors 
and evaluation units. An ICC-system determines a nominal longitudinal acceleration to be 
adjusted for the motor vehicle based on the internal and extemal variables. 

In known acceleration control methods, a differentiation of the measured motor vehicle 
speed is carried out as part of PI or PID controls in order to determine the actual acceleration. 
This differentiation is associated with conventional problems, e.g., a large noise component when 
using differential quotients or a large phase-shift when using a differentiating filter. Since 
stability reserves must be observed when differentiating and filtering the speed signal, the 
adjustable dynamic of the control circuit is comparatively low. In addition, the control parameters 
depend on the mass, speed, engine performance data, etc., where the determination of the 
parameters takes place in comparatively complex fashion. 

The objective of these partial aspects of the invention consists of disclosing a method and 
a device for controlling the acceleration which make it possible to carry out faster acceleration 
control in more reliable and more robust fashion. 

According to the invention, this objective is attained with the characteristics of the 
independent Claims 19 and 31. The respective dependent claims pertain to preferred 
embodiments of these partial aspects of the invention. 

Individual embodiments of these partial aspects of the invention are described below with 
reference to the appended figures, wherein: 

Figure 2 shows a first embodiment of these partial aspects of the invention. 



Figure 3 shows a second embodiment of these partial aspects of the invention, 
Figure 4 shows one possible design of the monitor in Figures 2 and 3, 
Figure 5 shows one embodiment of the acceleration controller, wherein the monitor is 
omitted so as to provide a better overview, 

Figure 6 shows one embodiment of the braking torque controller. 
Figure 7 shows an embodiment of the engine torque controller, and 
Figure 8 shows another embodiment of the engine torque controller. 
The general concept as well as a first embodiment of these aspects of the invention are 
described below with reference to Figures 2 and 3. 

The invention proposes a model-based control system. Estimated values for the braking 
torque Tbrake,est and the engine torque Tengine,est are determined from the input variables measured 
by sensors based on models. Consequently, these estimated values are based on actually 
measured motor vehicle variables. In addition, a nominal drive torque Tnom for reaching the 
desired nominal acceleration anom is determined. This means that the nominal drive torque Tnom 
reflects the control variable anom of the control system according to the invention. 

In Figure 2, reference number 2-10 designates a device for converting the nominal 
acceleration anom into a nominal drive torque Tnom. This device represents a prefilter. In the 
simplest instance, the conversion from nominal acceleration into nominal torque may consist of a 
proportional conversion. However, dynamic portions may also be taken into consideration, e.g., 
by means of a dynamic compensation of system response times. The device 2-10 outputs the 
nominal drive torque Tnom- 

Reference number 2-1 1 designates a device for modeling a motor vehicle brake or, in 
simpler terms, a brake model. The brake model 2-11 receives the measured main cylinder 
pressure as the input variable and estimates its total braking torque. However, the effects of an 
antilock braking system (ABS), a wheelslip control system (ASR), or an automatic stability 
management system (ASMS) may also be incorporated. Instead of measuring the brake pressure, 
an estimated brake pressure may also be derived from control signals for actively generating the 
brake pressure (e.g., with an active booster). 

Reference number 2-12 designates a device for modeling the engine/transmission. This 
model delivers the estimated engine torque Tengine,est as the output variable. The input variables 
received by this model consist of the motor vehicle speed Vabs, the engine speed nact, and the 
throttle angle Uact. Based on these input variables, the device 2-12 estimates the drive torque 
resulting on the wheel. The model may contain parts or all of the engine performance data used 
in an engine control system. 

In modem engine control systems, the torque delivered by the engine is frequently 
available in the form of a signal. In this case, a transmission model suffices for estimating the 



engine torque. This variation is shown in Figure 3. In this figure, the engine/transmission model 
2-12 according to Figure 2 is replaced with a transmission model 2-22 that receives the 
transmission gear ratio i as well as the engine torque Tact predetermined by the engine control 
system as input variables. Based on these input variables, the drive torque on the wheel Tengine,esi 
is determined. If the gear ratio of the transmission is known in the control system, the torque on 
the wheel can be easily calculated. 

The monitors shown in Figure 2 and Figure 3 respectively consist of a device 2-13 and 
2-23 for modeling the behavior of the motor vehicle, hi this case, the input variables consist of 
the braking torque Tbrake,est determined with the aid of the brake model, the drive torque on the 
wheel Tengincesi determined with the aid of the engine/transmission model as well as the motor 
vehicle speed Vabs- The monitor may be specifically designed for the respective type. In this case, 
the monitor recognizes certain motor vehicle parameters, e.g., the motor vehicle mass, the 
dynamic wheel running radius, motor vehicle time constants, etc. Figure 2 shows an instance in 
which the signal output by the monitor is the torque Tactuai,est acting on the motor vehicle. 

However, it would also be conceivable to alter only the nominal motor vehicle torque 
with the output variable of the monitor. In Figure 3, a correction torque Tcorr, referred to the 
motor vehicle speed Vabs. is determined with the aid of the estimated values for the braking torque 
Tbrake.est and the engine torque Tengine,est. The nominal torque Tnom is corrected with this correction 
torque Tcorr- Based on the result of the correction, the engine and/or brakes of the motor vehicle 
are controlled by means of suitable actuators. 

From this design of the acceleration control, the correction required for reaching the 
nominal value is determined with the aid of the motor vehicle speed Vabs, but not its differentiated 
value. Consequently, the previously described serious disadvantages of known acceleration 
controls can be eliminated. The device 2-23 delivers the correction torque Tcorr as the output 
variable, wherein the nominal torque Tnom determined from the nominal acceleration anom is 
corrected with said correction torque. Initially, the motor vehicle speed Vest is estimated in the 
device 2-23 with the aid of the estimated values for the engine torque (drive torque on the wheel) 
Tengine and the braking torque Tbrake- This estimated value is compared with the measured motor 
vehicle speed Vabs- Based on the deviation between the measured speed Vabs and the estimated 
speed Vest, the correction torque Tcorr is determined and output by the device 2-23. 

The torque controllers 2-14 and 2-24 respectively receive the nominal torque Tnom from 
the prefilter 2-10 [and the prefilter 2-20] and the correction torque Tcorr and the actual torque 
Tactuai,est [sic; the actual torque Tactuai,est. and the correction torque Tcorr] from the respective 
monitors 2-13 and 2-23 as input variables. Control signals for actuators are determined on the 
basis of these two input values. These control signals may consist of: 



-control signals for the throttle in order to increase or decrease the throttle openmg angle, 
-control signals for the brake in order to increase or decrease the brake pressure, and, if 
applicable, 

-control signals for the transmission in order to adapt the transmission stage if so 
required. 

According to Figure 3, the nominal torque Tnom and the correction torque Tcorr are simply 
added, wherein suitable measures, e.g., either an adaptation of the fuel supply signal or the brake 
pressure, are taken on the basis of the preceding sign. The values of the nominal torque and the 
correction torque may, however, also be processed such that a weighted average is formed. 

Figure 2 shows that a control signal may also be generated in 2-14 based on the output 
signal of the monitor 2-13 and the prefilter 2-10. The control signal is fed to a coordinator that 
converts the control signal into a third and fourth signal, e.g., in dependence on its preceding 
sign. The third and fourth signals are respectively used for generating an acceleration and a 
deceleration correction variable. 

In Figure 3, the reference number 2-25 designates a braking torque controller. This 
braking torque controller receives its input signal Tbrake,nom from the block 2-24. The braking 
torque controller also processes the estimated braking torque Tbrake- The braking force can be 
regulated on the basis of these two values. The controller outputs a signal pnom, with which a 
suitable controllable pressure source can be controlled. Since the brake hydraulic system is 
knovm in comparatively precise fashion, a feed-forward portion in accordance with the inverse 
brake model can also be incorporated. 

In Figure 3, reference number 2-26 designates an engine torque controller. This engine 
torque controller receives its input signal Teng,nom from the block 2-24. This engine torque 
controller also processes the estimated engine torque Tengine- A control of the engine torque is 
possible on the basis of these two values. The controller outputs a signal Tnom,out or Q-nom- 

Figure 4 shows combined embodiments of the brake models 2-1 1 and 2-21, the engine 
model 2-12 and transmission model 2-22, and the internal design of the monitors 2-13 and 2-23, 
respectively. 

The respective brake models 2-1 1 and 2-21 are realized with an amplification device 2-30 
and a low-pass filter 2-3 1 . 

The engine model 2-12 consists of an amplification device 2-32 that is realized in 
nonlinear fashion in Figure 4, namely as an approximation to an engine performance graph, a 
low-pass filter 2-33 that may be realized in the form of a PTi-element and a device 2-34 for 
simulating the transmission gear ratio. 

The monitor consists of a device 2-35 that proportionally simulates the wheel radius r and 
the motor vehicle mass m in the embodiment shown (2-35), as well as an integration element 
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2-36. A sensor signal delay and the force build-up on the tire (2-37 and 2-38, in this case, a 
single-pole low-pass filter), which is simulated by means of feedback, are connected in series 
with this integration element. The speed Vest estimated by the monitor is output as the result. This 
estimated speed is compared with the determined motor vehicle speed Vabs* Based on this 
comparison, the correction torque Tcorr and the torque Tactuai.est acting on the motor vehicle are 
determined and output. 

Figure 5 shows combined embodiments of the prefilter 2-20 and the coordinator 2-24 
according to Figure 3. The motor vehicle mass m and the wheel radius r are simulated with the 
device 2-40-the prefilter-which receives the nominal acceleration anom- The device 2-40 delivers 
the nominal torque Tnom- In the embodiment shown, this nominal torque is added (2-45) to the 
correction torque Tcorr (that may also be negative) in the coordinator 2-24 such that a control 
torque Tcu results. Whether the control torque Tcti is positive or negative is determined by the 
decision device 2-41. If the control torque is positive (Tcti > 0, lower branch), the engine torque 
controller 2-43 is actuated. If the control torque is negative (Tcti < 0, upper branch), the braking 
torque controller 2-42 is actuated. 

Figure 6 shows an embodiment of the braking torque controller. Its output signal consists 
of a nominal pressure pnom for the brake force actuator. The input signal received by the braking 
torque controller in the nominal braking torque Tbrake.nom that is compared with the estimated 
braking torque Tbrake from the brake model and then gradient-limited (2-52). A feed-forward 
portion 2-51, for compensating the comparatively well known behavior of the brake system 
beforehand, is connected in parallel to the comparison between the nominal braking torque and 
the estimated braking torque. The I-portion of the signal pnom is set to zero if the throttle is not yet 
entirely closed, so as to force a permanent deviation of the braking torque. Due to this measure, it 
is possible for the engine torque controller to entirely close the throttle once the brakes are 
actuated, i.e., it is possible to prevent an instance in which the brake and the engine are working 
against each other. 

Figure 7 shows an engine torque controller (corresponding to 2-26 in Figure 3). The 
coordinator (2-24 in Figure 3 and 2-41 in Figure 5, respectively) outputs a nominal engine torque 
Teng,nom that is Subtracted from the estimated engine torque Tengine determined with the aid of the 
engine model 2-12. The result passes through a Pl-controUer (2-62 and 2-63) which is gradient- 
limited. A feed-forward portion 2-61 may also be incorporated in this case in order to improve 
the control dynamic. 

Figure 8 shows a variant of the engine torque controller, which is suitable for a highly 
developed engine electronic system, in which the current engine torque is known. This actual 
value is then used for the control. The output value of the engine torque controller is the nominal 
engine torque value for the engine electronic system. 



The individual components shown in Figiires 2-8 may be reaUzed by means of the 
corresponding circuits and characteristic diagrams. The individual components are preferably 
realized in the form of correspondingly progranmied computers, i.e., discrete-time digital systems 
which operate at a suitable sampling frequency of the individual values. 

Another aspect of the present invention pertains to a method and a device for realizing a 
motor vehicle follower control. 

A frequently recurring problem in modem road traffic is traffic jams on busy roads for no 
apparent reason. Specifically, such traffic jams occur when the individual speeds of motor 
vehicles driven behind one another are not determined by the intentions of the respective drivers 
but by the speed of the vehicle ahead. The occurrence of such traffic jams is described below 
with reference to Figure 9. 

Figure 9 shows speed plots for different motor vehicles. Curve 3-10 shows the speed of a 
given motor vehicle, and curve 3-1 1 shows the speed of the motor vehicle following immediately 
behind the first. The following explanation is based on the steady state, in which one motor 
vehicle drives behind the other at a constant speed vq. It is assumed that the first vehicle 
decelerates at time ti and then continues to drive at the reduced speed vi. Consequently, curve 
3-10 shows a decrease in speed from vq to vi beginning at time ti. This results in a condition in 
which the speed of the second vehicle (curve 3-1 1) is greater than the speed of the first vehicle 
(curve 3-10) beginning at time ti. hi order to prevent a rear-end collision, the second vehicle must 
eventually decelerate. However, the second vehicle is imable to immediately follow the change in 
speed of the first vehicle or the distance control system. In this case, at least the reaction time of 
the driver of the second vehicle passes until the second vehicle also reduces its speed at the time 
t2. The speed of the second motor vehicle is greater than that of the first motor vehicle up to the 
time t4, at which time the speed of the second vehicle is adapted to that of the first vehicle. 
Consequently, the distance between both motor vehicles is reduced up to time t4. The reduction 
in distance corresponds to the surface (integral) between the two curves. This means that the 
distance between the two motor vehicles was reduced up to time t4. In order to compensate for 
this reduction, the second vehicle is also decelerated. This is usually realized by reducing the 
speed until the original distance between the two motor vehicles or a distance between the two 
motor vehicles which corresponds to the new speed is adjusted. In Figure 9, this is assumed to 
occur at time ts. Between times t4 and Xs, the speed of the second vehicle is slower than that of the 
first vehicle, i.e., the distance between both vehicles is increased again. The area 3-14 between 
the two curves 3-10 and 3-11 corresponds to the increase in distance. Once the original distance 
is restored, the acceleration process begins so as to adjust the speed to that of the first vehicle. 
Since the speed of the second vehicle is still lower than that of the first vehicle beginning at time 
ts, the distance between both motor vehicles is additionally increased until both motor vehicles 



travel at the same speed at time t6. The additional increase in distance corresponds to the area 
3-15. At time t6, the distance is greater than before time t[iiiegibie] by this amount. This lost distance 
can be compensated (approximately between times t? and tg) if the second vehicle travels faster 
than the first vehicle. 

This means that there are periods in which the speed of the second vehicle is less than 
that of the first vehicle. In the described embodiment, this is the case between times t4 and t6. If a 
third vehicle travels behind the second vehicle, processes similar to those between the two 
initially observed vehicles will occur between the second and third vehicles. This results in the 
third vehicle assuming a minimal speed that will be slower than the slowest speed of the second 
vehicle. This is schematically indicated by the curve 3-12 in Figure 9. This means that these 
processes are added up until the traffic comes to a complete standstill. 

In this case, it does not matter whether the vehicles are fi-eely controlled by the respective 
drivers or an ICC-control (intelligent cruise control) takes place. An ICC-control also has 
reaction times, i.e., the distances between one motor vehicle foUov^ng another will be reduced if 
the lead vehicle decelerates. Such reductions in distance are compensated by decelerating the 
trailing vehicle to a speed that is less than the speed of the lead vehicle as described with 
reference to Figure 9. 

The object of this aspect of the invention consists of disclosing a method and a device for 
controlling the driving speed which eliminate or prevent the effects of reaction times or delay 
times. 

This object is realized with the characteristics of the independent Claims 43, 44, 47, and 
48, wherein the respective dependent claims pertain to preferred embodiments of this aspect of 
the invention. 

Individual embodiments of this aspect of the invention are described below with 
reference to the figures, wherein: 

Figure 9 shows a time-dependency diagram for explaining the occurrence of spontaneous 
traffic jams, 

Figure 10 shows a schematic representation of a distance controller, and 
Figure 1 1 shows waveforms for speed and the distance during the control according to 
one embodiment of the invention. 

Figure 10 shows a distance controller. This distance controller receives input signals that 
are delivered by a highly developed sensor arrangement. Among other things, the distance 
controller receives signals that indicate the distance between a given motor vehicle and the 
vehicle immediately ahead, as well as the relative speed between the two vehicles. In addition, 
the controller recognizes the speed of the motor vehicle. The controller is designed for generating 
control signals for the motor vehicle from at least the above-mentioned input signals. These 
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control signals may contain control signals that lead to an acceleration as well as a deceleration 
of the motor vehicle. An acceleration of the motor vehicle occurs if the distance controller 
outputs signals that, for example, correspond to the digitized signals of the gas pedal. These 
output signals are then processed in suitable fashion by a dovmstage engine controller. However, 
direct actuating signals for the throttle would also be conceivable, if so required, in connection 
with signals for the injection period in order to directly increase the speed. A reduction in the 
motor vehicle speed can also be realized by means of gas pedal signals and throttle signals 
(engine brake). In addition, the ICC-controUer may output signals that lead to an active 
deceleration of the motor vehicle, due to the fact that the brake system is directly or indirectly 
actuated. 

The problem of a spontaneous bumper-to-bumper traffic jam, which was described v^th 
reference to Figure 9, can be rendered less severe due to the fact that when one motor vehicle 
drives behind another, the speed of the second vehicle is controlled such that either it does not 
exceed the speed of the first vehicle or its appropriate safety driving distance at a given speed is 
adjusted with allowance for a time delay. In the meantime, a reduced distance between the motor 
vehicles is accepted. This results, for example, in the speed and distance waveforms shown in 
Figure 11. The curve 3-30 shows the speed of the first vehicle, and the curve 3-31 shows the 
speed of the second vehicle. Qualitatively, the curve 3-30 corresponds to the curve 3-10. A time 
delay between the beginning of the deceleration of the first vehicle and the beginning of the 
deceleration of the second vehicle cannot be avoided, even with the most modem technology. 
However, the ICC-control is able to predetermine suitable control targets in order to prevent the 
negative effects which occur in Figure 9. Figure 1 1 shows an instance in which the ICC-control 
controls the speed of the second vehicle (curve 3-3 1) in such a way that the second vehicle is 
decelerated with a certain time delay after the first vehicle was decelerated, wherein the speed of 
the second vehicle does not drop below of the speed of the first vehicle. Another control target 
consists of temporarily allowing shorter distances between the two vehicles as would be the case 
in the steady-state condition once the deceleration of the first vehicle is detected. 

Figure 1 1 shows a control target in which the speed of the second vehicle cannot drop 
below the speed of the first vehicle. The speed of the second vehicle (curve 3-31) is higher than 
the speed of the first vehicle (curve 3-30) between times tg and tio. Consequently, the distance 
between the two motor vehicles is reduced between the aforementioned times. The reduction in 
distance corresponds to the integral over the relative speed. The reduction in distance is shown in 
the lower portion of Figure 11. The reduction in distance in the upper portion graphically 
corresponds to the area between the curves 3-30 and 3-31, where the value is designated by -A in 
the lower portion. The separation between the motor vehicles was reduced by this value -A 
between times tg and tio. Once the speeds of both vehicles are identical starting at time tio, the 
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separation remains constant, so that the negative effect explained previously with reference to 
Figure 9 is prevented for the time being. The speed of the second vehicle does not drop below 
that of the first, so that the effect is not cumulative, particularly if several vehicles drive one 
behind another. 

Various preventive measures are conceivable as time progresses. Figure 1 1 shows an 
instance in which the first vehicle accelerates again (time tn). Here, the ICC-controller may be 
designed in such a way that the second vehicle does not follow the acceleration of the first 
vehicle until time tn, i.e., with a certain time delay. It is then accelerated until it assumes the 
speed of the first vehicle at time t^. The separation is then preferably identical to that before time 
tg. The time delay in - tn between the acceleration of the first vehicle and the acceleration of the 
second vehicle is preferably identical to the time delay between the beginning of the deceleration 
of the first vehicle and the beginning of the deceleration of the second vehicle. 

If the first vehicle does not accelerate at time tn, but rather continues with a constant 
speed, the ICC-controller may be designed so that it adjusts the speed of the second vehicle to a 
speed that lies slightly below the speed vi of the first vehicle. This slightly reduced speed is 
preferably predetermined after a certain time period has passed, once the lower constant speed vi 
has been assumed (time tio). This reduced speed is maintained at the speed vi until the desired 
separation between the two vehicles is reached. 

If the predetermined control target is "the speed of the second vehicle cannot fall below 
that of the first vehicle," it can be checked whether, during deceleration of the second vehicle 
(before time tio in Figure 1 1) the distance between the two vehicles drops below a minimum 
value that, if necessary, is speed-dependent and cannot be fallen short of If the distance falls 
short of this minimum distance, the braking force may be increased and, if so required, the 
above-mentioned control target can be dropped, i.e., the speed of the second vehicle may fall 
below the speed of the firont vehicle in this case. In this way, it is ensured that the ICC-controller 
is able to assist in preventing collisions. 

The ICC-controller may also be designed in such a way that, if a deceleration of the front 
vehicle is detected, it temporarily allows a shorter distance between the two vehicles than in the 
steady-state condition. In this case, the controller may even permit shorter distances between the 
two vehicles for a period, during which the front vehicle has assumed a constant, slower speed 
after having decelerated. In Figure 1 1, this would be the speed Vi beginning at time ti4. The 
minimum distances permitted in the steady-state condition or the permitted minimum distances 
in dynamic transient conditions may be a fimction of speed and be stored in tables or engine 
performance maps. Similar to the embodiment mentioned above, the distance assigned to steady- 
state conditions can be adjusted, after an additional time period has elapsed, by slightly 
decelerating the motor vehicle until the distance for steady-state conditions-and, if applicable. 
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the appropriate distance for the corresponding speed is adjusted again between the two vehicles. 
An acceleration may subsequently take place until both vehicles have reached the same speed. 

The above-mentioned control may also be implemented with a suitably programmed 
computer that receives the above-mentioned input variables and delivers the described control 
signals. Such systems are designed to carry out discrete-time sampling, in which the signal 
processing is done digitally. 

Another aspect of the present invention pertains to a method and device for generating a 
speed signal that indicates the motor vehicle speed. 

A precise speed signal is required for various tasks in controlling or regulating motor 
vehicles. Until now, the speed signal was either delivered directly by a sensor or obtained from 
the output of an ABS-controller. However, such signals are noisy, so that they cannot be easily 
utilized for some applications, e.g., in ICC-systems. 

The objective of this aspect of the invention consists of disclosing a method and device 
which make it possible to obtain a precise speed signal with only a slight time delay. 

This objective is attained with the characteristics of Claims 51 and 60. The respective 
dependent claims pertain to preferred embodiments of the invention. 

While investigating the above-mentioned problem, the inventors determined that noise is 
not evenly distributed over the frequency range of the speed signal, but that individual noise 
components which can be discriminated are present. The inventors determined, in particular, that 
portions that can be localized in a certain frequency band, as well as portions at higher 
frequencies, interfere with the speed signal. One frequency band that is particularly noisy lies in 
the range of fo = 1 to 4 Hz, besides frequencies beginning at approximately f i = 8 Hz, which are 
very noisy. 

Individual embodiments of the invention are described below v^th reference to the 

figures, wherein: 

Figure 12 shows the spectrum of an unprocessed speed signal, 

Figure 13 shows a basic block diagram of the invention, 

Figure 14 shows an embodiment of the low-pass filter in Figure 13, 

Figure 15 shows an embodiment of the band-stop filter in Figure 13, 

Figure 16 shows a spectrum of the filtered speed signal according to the invention, and 

Figures 17 and 18 show the output signal of the nonlinear filter according to the invention 

in comparison to the output signal of the ABS-control, and in comparison to linear filters with 

different cut-off frequencies. 

Figure 12 shows the spectrum of a speed signal as it is conventionally utilized for 

controlling the engine and the motor vehicle, respectively. The spectrum which lies between the 

frequencies 0 and 5 Hz shows a defined peak at slightly below fo = 2 Hz. Such interference 
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significantly influences the accuracy and thus the reliability of the motor vehicle control, and thus 
must be suppressed. 

Figure 13 shows a block diagram of an embodiment according to the invention for 
suppressing interference of the speed signal. In this block diagram, the input speed signal ve that 
is subject to interference passes through a low-pass filter 4-20 as well as a band-stop filter 4-21. 
In this case, it is not absolutely necessary to provide both filters 4-20 and 4-21. One of the two 
filters may suffice, where the series-connection of both filters-if so required in the reverse 
sequence—provides very good results. 

In one preferred embodiment, it is taken into consideration during the filtering of the 
input speed signal ve that the acceleration of the vehicle can lead to speed changes in the input 
signal that is subject to interference, where the order of said speed changes is comparable to or 
higher than the interfering ripple components in the signal. Components of this type cannot be 
simply filtered out, because the filtered signal would otherwise incorrectly reflect the speed or 
merely reflect the speed in delayed fashion. 

Embodiments of the low-pass filter 4-20 and the band-stop filter 4-21 according to Figure 
13 are described below with reference to Figures 14 and 15. Figure 14 shows an embodiment of 
the low-pass filter 4-20 according to the invention. For example, this component consists of a 
single-pole low-pass filter PTi. It is formed by the gain K 4-30 and 4-34 as well as the integrator 
1/S4-31. 

In one preferred embodiment, a gradient limitation 4-32 defines the range within which 
changes in the input speed signal ve may occur. In this context, the term gradient limitation refers 
to a limitation of the rise or fall time of a signal. However, one encounters the problem that these 
changes may by far exceed the ripples during accelerations. If no additional measures are taken, 
the filter will cut off parts of tiie useful signal. Consequently, an additional PTi-element 4-33 is 
connected in parallel to the gradient limitation 4-32. The PTi-element delivers an offset that is 
added to the output of the gradient limitation 4-32. Due to this measure, the permissible ripples 
follow the respective acceleration level. The cut-off frequency of the additional PTi-element 4-33 
is preferably higher than that of the total transmission of the low-pass filter 4-20. 

Figure 15 shows an embodiment of a band-stop filter. This band-stop filter is designed in 
such a way that the interference frequency is simulated (series integrators 4-43 and 4-44 and 
negative feedback 4-45). The amount of feedback 4-45 is adapted to the center frequency ©0 = 2 
Tcfo of the interference frequency band. The simulated interference frequency coq is subtracted 
from the input speed signal vz at the point 4-40. Due to this subtraction, one obtains the output 
speed signal va that is also fed back into the simulation of the interference frequency coo via 
blocks 4-41 and 4-42. The feedback of the output speed signal va into the simulation of the 
interference frequency coo takes place in such a way that the signal passes through adjustable 
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gains Kl 4-41 and K2 4-42, respectively, and is additively fed in front of the respective input of 
the serially connected integrators 4-43 and 4-44. Due to this measure, the interfering frequency 
band is filtered out, and the circuit according to Figure 1 5 acts as a band-stop filter. 

Due to the filtering of the original signal ve, a speed signal va that is v^ell suited for the 
additional processing is generated. This means that higher frequency portions are not randomly 
filtered. Such a random filtering would lead to accelerations of the motor vehicle which represent 
portions of higher frequency within the frequency range of the speed signal being rounded in the 
speed signal, i.e., a poorly adapted signal or a signal that would slowly follow the actual 
conditions would be delivered. The embodiment of the low-pass filter with gradient limitation 
4-32 and offset feed 4-33 results in a nonlinear filter, with which permissible acceleration levels 
can be rapidly and reliably illustrated in the filtered signal despite the filtering out of ripples. The 
cut-off frequency of the low-pass filter is permanently adjusted and determined by means of 
comparisons with linear filters v^th different cut-off frequencies. The described band-stop filter 
according to the invention can be adapted to the respective conditions with the factors Kl and K2 
by means of feeding the output signal va- 

Figure 16 shows the spectrum of a speed signal that has passed through a band-stop filter 
according to Figure 13 and 15, respectively. One can clearly ascertain that the interference at 
approximately 2 Hz is eliminated. 

Figures 17 and 18 respectively show a general overview and a detail of the output signal 
of the nonlinear filter according to the invention in comparison to the output signal of the 
ABS-control and in comparison to linear filters with different cut-off frequencies. Figure 17 
shows a drive with an acceleration, a deceleration and a phase of uniform speed (constant drive at 
approximately 7 sec) over a period of approximately 25 sec. The time period around the 
maximum speed during these 25 sec is plotted in enlarged fashion in Figure 18. The signal v^th 
the most noise is the output signal of an ABS-controller. This signal is also the input signal for 
all other filters shown. The reference number NL designater the output signal of the nonlinear 
filter according to the invention. This signal is much smoother than the ABS-signal. In addition, 
the output signal of linear filters with different cut-off frequencies (2 to 10 Hz) are also shown. 
One can ascertain that these filters also generate smooth output signal, but cause a greater phase 
shift or a higher attenuation than nonlinear filters. In this case, it must be observed that the 
nonlinear filter has a lower cut-off frequency (4 Hz) than the linear filter. The attenuation of the 
filter according to the invention corresponds to that of a linear 8 Hz filter. The ripple content of 
the nonlinear filter according to the invention is approximately comparable to that of a linear 2 
Hz filter. 

Another aspect of the present invention pertains to a method and a device for controlling 
motor vehicles. This aspect pertains, in particular, to motor vehicle control systems, in which 



nominal speeds that are subsequently adjusted by a series-connected control are predetermined. 
Such speed adjustments may, for example, be realized with the aid of a cruise control. These 
cruise controls may be of comparatively simple nature. Such a simple cruise control consists of 
switches that serve for setting, increasing, decreasing, canceling or resuming nominal speeds. 
However, cruise controls may also be used in connection with more complex control systems. 
Such control systems are known as ICC (intelligent cruise control) systems. In such control 
systems, the motor vehicle speed is not only controlled based on values predetermined by the 
driver, but also in accordance with information which sensors obtain from the surroimdings of 
the motor vehicle. This primarily pertains to distance sensors that determine the distance to the 
vehicles that might be driving ahead. However, this may also pertain to sensors that, for example, 
examine the road conditions. 

The previously described control systems operate on the basis of the driver's intentions 
and based on information determined by sensors inside or outside the motor vehicle. They 
generate a nominal speed in the form of a control variable in many instances. However, motor 
vehicle accelerations or the distance to vehicles driving ahead may also be predetermined as 
control variables. These predetermined control variables may lead to operating conditions of the 
motor vehicles which are perceived as unpleasant by the driver in either case, e.g., abrupt 
accelerations, abrupt decelerations or jerky movement of the motor vehicle. This may, in 
particular, occur if sudden changes in the predetermined nominal speed take place. Until now, 
such changes in the nominal speed were incorporated into the controller as a control variable in 
unevaluated fashion. This means that the above-mentioned unpleasant driving conditions cannot 
be sufficiently prevented. 

The objective of this aspect of the invention consists of disclosing a method and a device 
for controlling or regulating motor vehicles which allow pleasant driving conditions v^th few 
jerks. 

This objective is realized with the characteristics of the independent Claims 69 and 79. 
The respective dependent claims pertain to preferred embodiments of this aspect of the invention. 

Individual characteristics of this aspect of the invention are described below with 
reference to Figure 19. Figure 19 shows a combination of the different characteristics of this 
aspect of the invention which are described below. 

The following measures may be taken in order to attain the above-mentioned objective of 
the invention: 

-abrupt jumps in the predetermined nominal speed may be smoothed out with respect to 
their progression over time; 
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-temporal changes in the predetermined nominal speed can be limited. The gradient of the 
nominal speed is limited in this way . The limiting may be defined sectionally or by means of an 
engine performance map and also be subject to certain changes; 

-an acceleration can be predetermined in the form of a control variable depending on the 
difference between the nominal speed that was filtered as described above or the nonfiltered 
nominal speed and the actual motor vehicle speed; 

-known reactions of the system can be compensated beforehand by means of a 
feed-forward branch, and 

-the above-mentioned measures can be monitored by a control of higher order. They can 
be adapted by means of a teachable motor vehicle controller. 

The above-mentioned characteristics are described in greater detail below. 

Figure 19 shows a combination of several of the above-mentioned components. This 
figure shows an embodiment in which the predetermined speed Vnom is input into the system 
according to the invention from the left. If not indicated otherwise, it is assumed in the following 
description that this predetermined nominal speed increases abruptly. This may, for example, be 
the case if the driver significantly increases the nominal speed by actuating the corresponding key 
on the steering wheel or the steering column switch several times. Such an abrupt increase is 
imcomfortable; it may lead to engine vibrations in many instances, and must be effectively 
prevented. 

For this purpose, a rounding of the nominal speed increase is carried out. The rounding is 
carried out with a suitable device. One example is shovm in Figure 19, illustrating the 
combination of the devices 5-10, 5-1 1 and 5-12. The circuit shown consists, in principle, of a 
low-pass filter. The device 5-1 1 may simply consist of an amplifier that is followed by an 
integrator 5-12. Due to the negative feedback at the node 5-10, the progression PTi of the input 
nominal speed progression results as the output variable of the integrator in the example shown. 
Consequently, the abrupt increase in the nominal speed is smoothed out. The low-pass filter does 
not necessarily have to consist of a PTi-element. On the contrary, PT2-elements or conventional 
low-pass filter elements may be used. Figure 20 shows the output signal of the low-pass filter 
(output of the integrator 5-12) as it may be formed by a PT2-element in response to an abrupt 
increase in nominal speed. The abrupt increase in the nominal speed from zero to a certain value 
(curve 5-20) is converted into a slow increase (curve 5-21). 

An additional protection against unpleasant driving conditions can be achieved if a 
gradient limitation for the nominal speed is incorporated. A gradient limitation can be carried out 
separately or in connection with the previously described low-pass filter (e.g., PTi-element or 
PT2-element). The effect of the gradient limitation is initially described with reference to Figure 
20. In this case, the term gradient refers to the change in nominal speed per time unit. Physically, 
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this pertains to acceleration. Figure 20 shows the steepest gradient shortly after the beginning of 
the rise of curve 5-21, wherein this is represented by the tangent line 5-22. Its slope corresponds 
to the gradient. The higher the abrupt increase in nominal speed, the steeper the steepest rise of 
the curve 5-21. It may occur that the rise becomes excessively steep despite the filtering. 
Consequently, the same disadvantages as with the initially assumed ideal increase in the nominal 
speed ultimately result. This is prevented by limiting the gradient-the slope of the tangent line 
5-22-to a certain value that is not exceeded independently of the value of the abrupt increase in 
nominal speed. In one embodiment, this can be realized v^th a separate circuit. Figure 19 shows 
another embodiment. In this case, the gain 1 1 is limited. Consequently, the gain has a 
characteristic similar to Figure 21. The difference obtained from the device 5-10 consequently is 
only amplified up to a certain maximum value. The desired gradient limitation is achieved with 
the aid of the integrator 5-12 and feedback. 

The gradient limitation may be adjusted differently for positive and negative accelerations 
by setting different break points in the characteristic of Figure 21. In addition, it may be desirable 
to permit a manipulation of the gradient limitation. For example, if the driver's intentions 
expressly indicate that an intense acceleration is desired — which, for example, is input by 
actuating the acceleration key several times — steeper gradients can be permitted; for example, by 
shifting the break points in Figure 21 away from the origin only in this case. A steeper rise in the 
predetermined nominal speed is then possible, and the motor vehicle accelerates more quickly. If 
this change was caused by the driver, this change in the gradient limitation represents a direct 
result of the driver's actions for the driver. 

In addition, it is possible to improve the driving comfort if the predetermined nominal 
speed Vnom and the actual speed Vref are different-also, if an acceleration is necessary-the 
acceleration being predetermined on the basis of the difference between nominal and actual 
speeds. In Figure 19, this predetermination is realized by a function generator 5-15. In the 
embodiment shown, the function generator receives the difference between the output of the low- 
pass filter 5-10 to 5-12 and the actual motor vehicle speed. The difference Av = Vnom - Vref is 
formed in the device 5-13. Consequently, the function generator 5-15 receives a value which 
corresponds to the difference between the filtered nominal speed and the actual speed. In 
accordance with its function, the function generator outputs an acceleration that can be used as a 
control variable. In contrast to Figure 19, it is also possible to input the unfiltered nominal speed 
into the device 5-13. Figure 22 shows an example of two characteristics that describe the 
function generator 5-15. The curve 5-41 shows a simple instance in which the output acceleration 
anom is proportional to the difference between nominal and actual. However, more complex 
progressions which, for example, are shown in the form of the curve 5-42, are conceivable. 
Different slopes make it possible to simulate vehicle handling that is empirically determined. 



This means that the control according to the invention results in vehicle handling that appears to 
be very natural. The characteristic in Figure 22 may be implemented in the form of a formula or 
be stored in a table. 

An additional improvement in vehicle handling is attained if a feed-forward portion is 
added to a nominal acceleration that, for example, was determined as described above. Figure 19 
shows an embodiment in which a feed-forward portion is added to the output of the function 
generator 5-15 in the adder 5-6. This feed-forward portion is generated from a signal that was 
sensed between the amplifier 5-11 and the integrator 5-12 via a filter 5-18 and corresponds to an 
acceleration value. An amplification as well as system characteristics may be incorporated into 
the characteristic of the filter 5-18 such that the utilization of the feed-forward portion allows a 
very spontaneous reaction to the driver's intentions while preserving the comfortable controller 
dynamic. 

In addition, it is also possible to carry out long-term observation of the driver's activities 
by means of a device 5-19. For example, the frequency, duration and abruptness of accelerations 
and decelerations can be determined. These determined values can then be classified (e.g., "slow 
driver," "fast driver"). Individual parameters in the system can be modified based on this 
classification. In the system according to Figure 19, the device 5-19 is able to influence, for 
example, the gradient limitation 5-1 1, the feed-forward filter 5-18 or the fiinction generator 5-15. 

A nominal speed that, for example, is predetermined by the fimction generator 5-15 can 
be limited to certain absolute values, e.g., -1 .0 m/s^, +1 .5 m/s^. If the driver briefly exceeds the 
speed set by the cruise control by actuating the gas pedal, e.g., when passing a truck, the 
controller is switched to standby due to the driver's intervention. After this speed is exceeded, 
i.e., after the process of passing the truck is completed, the motor vehicle decelerates to the speed 
set by the cruise control. In order to prevent this deceleration from becoming excessively fast, 
e.g., to prevent the truck which was just passed from needing to decelerate, the limitation of the 
acceleration predetermined by the function generator 5-15 can be reduced, e.g., to -0.7 m/s^, +1.0 
m/s^. Such changes of limitations can generally be carried out after interventions by the driver. If 
the required acceleration lies below the set limiting value, the original, higher limiting values can 
be readjusted. 

The above-mentioned functions can be implemented with discrete components or 
devices. However, it would also be conceivable to use an appropriately programmed computer 
that receives digital input signals and processes these signals in discrete-time fashion. 

Another aspect of the invention pertains to a method for "smoothly" actuating a hydraulic 
brake in accordance with the "sliding mode" principle as well as a device for carrying out this 
method. 



It is generally known that a nearly arbitrary pressure which is only limited by the pressure 
generator (pump) or the pressure reservoir can be built up in a recipient (e.g., a brake cylinder) 
with at least one digitally switched valve and a pressure generator (preferably a pump) or a 
pressure reservoir. This is realized due to the fact that the pressure build-up at a constant inlet 
pressure takes place in opposition to a leakage rate that can be adjusted by the digital valve, or 
that a connection (a valve) between the recipient (e.g., the brake cylinder) and the pressure 
generator or pressure reservoir is temporarily produced at a constant leakage rate. In this case, 
valves that are open in the deenergized state (SO) and valves that are closed in the deenergized 
state (SG) are used as the digital valves. 

Systems of this type have the disadvantage that the valves are generally switched in 
pulse-width modulated fashion. However, this requires a high computation capacity for 
calculating the pulse v^dths (on and/or off). 

The objective of this aspect of the invention consists of disclosing a method and a device 
which make it possible to reduce the required processor power to a minimum. 

This objective is attained with the characteristics of Claims 89 and 96. The respective 
subordinate claims pertain to preferred embodiments of the method and the device. 

The method is characterized by outputting a pressure build-up signal and a pressure 
reduction signal to the means for adjusting the brake pressure so as to attain a nominal brake 
pressure pnom- In this case, the means for adjusting the brake pressure consists of two digitally 
switched valves in one embodiment. These valves are respectively connected to the pressure 
generator or the pressure reservoir, the pressureless reservoir and the brake cylinder (recipient). 
One valve connects the pressure reservoir to the brake cylinder, and the second valve connects 
the pressureless reservoir to the brake cylinder. The desired pressure in the consumer (recipient) 
is adjusted by means of a correspondingly timed opening and closing of the digitally switched 
valves. Another embodiment is, in particular, characterized by the fact that the first valve can be 
eliminated if one takes into consideration the finite volumetric flow fi-om the pressure generator 
through the supply lines. In this case, the pressure reduction realized with the second valve 
(directly in front of the pressureless reservoir) only need occur for a brief period of time. 

In one preferred embodiment of the method, a nominal volumetric flow Qnom is 
determined from the nominal brake pressure pnom and an actual pressure pact on a brake cylinder 
which corresponds to a measured pressure pmeas on the valves. In this case, the pressure regulator 
calculates a volumetric flow of the fluid which is required for adjusting the nominal pressure pnom 
by comparing the actual pressure pact with a predetermined pressure, i.e., the nominal pressure 
pnom- Here, the actual pressure pact in the brake cylinder is determined by a pressure monitor from 
the pressure pmeas measured at the valves. 



The model on which the pressure monitor is based also takes into consideration the 
impedance of the supply lines which acts upon the fluid in addition to the pressure difference 
between the measuring point and the brake. The impedance and the pressure difference determine 
the volumetric flow through the supply lines, i.e., the volume flov^ng through the supply lines 
per unit time. Here, the volumetric flow may, in particular, be directly proportional to the 
impedance and the square root of the pressure difference between the measuring point and the 
brake. If the volume that has entered the brake cylinder over a certain time is knovm, the brake 
pressure is also known. In this case, the brake pressure depends, for example, on the square of the 
volume of the brake cylinder. 

This means that the volumetric flow to be adjusted is determined, and the brake control 
can be realized in such a way that opening or closing signals are fed to the pressure build-up 
valve and the pressure reduction valve in rapid succession. 

In a linearized embodiment, the square root dependence of the volumetric flow on the 
pressure difference is replaced by a linear dependence, where the operating point of the control 
circuit must be chosen such that no excessively large deviations occur in either direction. 
Naturally, this is only possible over a limited range. 

In an additional refinement of this embodiment, the signals for controlling the volumetric 
flow may also be filtered before they are fed to the valves. This takes place in a separate control 
circuit that is quasi series-connected to the aforementioned circuit. Here, the instantaneous 
volumetric flow is fed back to the nominal volumetric flow. Actuating signals for the digital 
valve(s) are generated in accordance with the so-called sliding mode control principle from the 
nominal volumetric flow and the actual volumetric flow. The pressure build-up signal as well as 
the pressure reduction signal consequently are determined fi-om the nominal volumetric flow and 
an actual volumetric flow that corresponds to the measured pressure. 

In one preferred embodiment, the time derivative of the actual volumetric flow may also 
be taken into consideration in addition to the actual volumetric flow. 

In order to prevent short-circuits between the pressure reservoir and the leak, both valves 
in an embodiment with two digital valves cannot be simultaneously opened. Consequently, the 
pressure build-up signal and the pressure reduction signal are generated complementarily to one 
another so that their switch-on times do not coincide, i.e., one valve can be only opened if the 
other valve is closed. 

In the method according to the invention, the inertia of the fluid or the valve is utilized. In 
other words, the pressure is no longer controlled, but the control is exclusively realized by 
regulating the volumetric flow of the fluid. 

One general advantage of the method according to the invention is that the pressure 
control may take place relatively slowly. This means that it can be carried out by a conventional 



processor that also must fulfill other functions and consequently need not be particularly fast. 
The control of the volumetric flow takes place rapidly by means of a application-specific control 
circuit that is preferably realized in the form of an analog or a fast digital circuit. Since the 
pressure control and the volumetric flov/ control are separated, a more highly dynamic control is 
possible. The control is also not dependent on the cycle times of the processor system and may 
take place at a rate of up to a few kHz. 

One embodiment of the method according to the invention is described below with 
reference to the figures, where: 

Figure 23 shows the general design of the pressure control according to the invention in 
the form of a block diagram. 

Figure 24 shows an embodiment of a pressure monitor with a simple pressure controller, 

Figure 25 shows the nonlinear monitor of a brake system, 

Figures 26a and 26b respectively show the control circuit which corresponds to the 

nonlinear monitor in Figure 25 and the linearized control circuit, 

Figure 27 shows a block diagram of one embodiment of the combined control circuit. 
Figure 28 shows a brake circuit, in which the system according to the invention is 

utilized, and 

Figure 29 shows a brake circuit that contains only one digital valve instead of the 
previously described two digital valves. 

Figure 23 shows two series-connected control circuits: one for pressure control and one 
for volumetric flow control. The second control circuit is optional and will be described further 
below. 

A nominal pressure pnom for the brake system is input into the first control circuit. This 
first control circuit contains a subtractor 6-1, a pressure controller 6-2 and a pressure monitor 6-3. 
In this case, the pressure monitor 6-3 determines an actual pressure pact which is subtracted from 
the nominal pressure pnom at the input of the control circuit based on a measured pressure pmeas in 
the hydraulic system 6-6, where the difference is then additionally processed by the pressure 
controller. In this embodiment of the invention, the pressure controller also forwards other 
conditions which serve for adjusting the model of the pressure observation to the pressure 
monitor. The output variable of the pressure controller is a signal that corresponds to the 
volumetric flow Qnom which must be generated in order to reach the required brake pressure. This 
signal Qnom is converted into control signals for one or more (not-shown) digital valves 6-7 and 
6-8 in the hydraulic system 6-6 by a volumetric flow controller 6-4. The sequence and the 
generation of these signals is described below with reference to Figure 26a and Figure 27. 

The pressure monitor 6-3 determines the actual pressure pact based on the pressure pmeas 
measured in the hydraulic system 6-6. However, the pressure monitor may also consist of a 



control circuit. In the preferred embodiment shown in Figure 24, the control circuit output 
variable pact is determined from the input variable pmeas by means of negative feedback. For this 
purpose, a variable paa is subtracted from the measured pressure pmeas at subtractor 6-9, 
analogously to the design of the first control circuit shown in Figure 23. The difference between 
these two signals is converted into an actual pressure pact by a first multiplication element 6-10, a 
first integration element 6-1 1 and a first characteristic element 6-12. This can be based on several 
independent models; the model of the control circuit of this embodiment is based on the image 
shown in Figure 25. The output variable may consist of a value that corresponds to a pressure as 
well as a value that corresponds to volumetric flow. 

In order to keep the measuring paths relatively short and minimize interference on the 
transmission path, the pressure of a (sub-)system is preferably measured in the immediate 
vicinity of the central control units. However, this has the disadvantage that changes in the 
pressure due to influences caused by the pressure line are not detected. This can be solved with a 
model that takes into consideration known influences of the pressure lines and determines the 
variables actually present at the line end from the values measured at a central location. The 
control elements 6-9 to 6-12 are based on such a model, where said model is shown in Figure 25. 
In this figure, the characteristics of the supply line 6-13 for the fluid are combined into an 
impedance Dy 6-14. The supply lines end at the brake 6-15 in a (not-shov^) brake cylinder that 
has volume V. The volumetric flow Q flowing through the supply lines 6-13 is proportional to 
the impedance and to the square root of the differential pressure in the supply line 6-13 in this 
model. This means that while taking into consideration the direction of the volumetric flow the 
volumetric flow can be expressed in the form of 

Q = Dv * sign(pa,«^ - P;...) * l\p...:: - P*.. I) (6/1) 

Sign (pmeas " Pact) represents the flow direction, and Ipmeas - PactI represents the absolute value of 
the differential pressure. 

The pressure is measured directly behind a (not-shovm) valve for controlling the 
volumetric flow by means of a pressure sensor 6-16 and forwarded to the pressure monitor 6-3. 
The brake pressure or the actual pressure on the brakes pact can be estimated from the prior or 
current volumetric flow Qact to the brake cylinders. This embodiment is based on a quadratic 
relation, so that the brake pressure pact can be illustrated in the form of 

Pi^t = A*V + B*V^ . . (6/2) 



The change in the volume of the brake cylinder V then results from the relation 
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V = J Q dt 



. , (6/3) 



The pressure monitor determines the instantaneous brake pressure from these three 
dependencies, wherein said instantaneous brake pressure is then subtracted from the input value 
Pnom at the input of the first control circuit in Figure 23. 

The pressure controller 6-2 needs merely consist of a simple characteristic element as 
shown in Figure 24. This characteristic element outputs a volumetric flow that, as described 
above, is converted into signals for digital valves 6-7 and 6-8 by a volumetric flow controller 6-4 
depending on the respective input. 

hi a somewhat simplified version of the first control circuit shown in Figure 23, a 
"linearized" pressure monitor is used. Such a linearized pressure monitor is shown in Figure 26b. 
Figure 26a shows a nonlinear pressure monitor as is used in the embodiment according to Figure 
24. In this case, the design shown in Figure 26a is essentially identical to that shown in Figure 24 
which contains the same elements, namely a subtractor 6-9, a multiplier 6-10, an integrator 6-11 
and a characteristic element 6-12. In contrast to the previously described embodiment, the output 
variable consists, however, of a volumetric flow Q instead of the brake pressure pact- In the 
linearized pressure monitor shown in Figure 26b, the multiplier 6-10 is replaced with a first 
proportional element 6-17, and the characteristic element 6-12 is replaced with a second 
proportional element 6-18. This simplifies the design of the pressure monitor and, among other 
things, allows faster switching processes. However, the function of the pressure monitor 6-3 is 
identical in both instances. 

The function of the volumetric flow controller is described below with reference to 
Figures 23 and 27. 

As described above, the output signal of the first control circuit shovm in Figure 23 which 
contains a pressure controller 6-1 and a pressure monitor 6-3 can be directly converted into 
control signals for the digital valves 6-7 and 6-8 by a volume controller 6-4. However, in order to 
achieve an even more superior control in actuating the digital valves, a volumetric flow monitor 
6-5 is used. The control circuit that adjusts the volumetric flow Qnom is designed in the form of a 
negative feedback circuit. The input variable of this negative feedback circuit forms the output 
variable of the first control circuit (the output variable consequently must consist of a volumetric 
flow signal). A value Qact that was generated by the volumetric flow monitor 6-5 is subtracted 
from the output signal of the first control circuit Qnom- The volumetric flow monitor has 
determined this value based on the measured pressure Pmeas that already served as the variable 
input into the actual pressure pact by the pressure monitor. The general design of this second 
control circuit for adjusting the switching signals for the digital valves 6-7 and 6-8 in the 
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hydraulic system 6-6 is obvious to a person skilled in the art and is consequently not discussed in 
greater detail. 

Figure 27 shows that the volumetric flow monitor 6-5 may simply consist of a first 
DTi -element. The output signal of this element then corresponds to the actual volumetric flow 
Qact which is subtracted from the nominal volumetric flow Qnom output by the first control circuit 
shown in Figure 23 at the input of the control loop. This is shown in the right-hand portion of 
Figure 27. The signal Qact is present at inverting inputs of the two subtracters 6-19 and 6-20. 
However, this signal is also present at the inputs of a second and a third DT| -element, the outputs 
of which are inverted and interconnected with the output of one of the subtracters 6-19 and 6-20, 
so that a composite signal s results. This composite signal s is input at characteristic elements 
6-23 and 6-24. The characteristic element 6-23 and 6-24 output a valve actuating signal SO and 
SG, respecitvely, for the two digital valves 6-7 and 6-8, respectively, which cause the valves to 
open and close depending on the input variable. In order to prevent a hydrodynamic or pneumatic 
short-circuit, the characteristics in the characteristic elements are chosen such that the digital 
valves 6-7 and 6-8 cannot be open simultaneously. This means that the zero crossing of both 
characteristics in the characteristic elements 6-23 and 6-24 takes place at different levels of the 
signal s, and that the switching behavior of the valves which is very similar to a hysteresis curve 
results over the entire range through which the signal s can pass. 

This means that the "sliding mode" control process in this embodiment with a 
high-pressure hydraulic system takes place as described below. The variable Qnom increases and 
consequently causes a control error in the volumetric flow controller 6-4. This deviation is 
converted into a switch-on pulse for the digital valve 6-7, a so-called SG valve, such that the 
current in the coil of the valve increases. After overcoming the resetting and the frictional forces, 
the valve begins to open and the pressure measured at the valve 6-7 increases. This also causes 
the instantaneous volumetric flow Qact to increase. If the control condition is frilfilled, i.e., if the 
signal s in Figure 27 returns to zero, the valve is switched off and the current drops. The valve 
then stops the opening motion, and the value Qact drops further or increases very slowly. If the 
change of Qact always somewhat conforms with the change of Qnom 0), the valve 6-7 is 
switched with a very high frequency, and the valve moves in accordance with the progression of 
Qnom. The previously described "sliding mode" control process can be most easily realized in the 
form of an operating relationship that can be illustrated in the form of the condition 



s = (Q ecu - Q isc ) - (dQ /dt)*K 



. . (6/4) 



Here, control signals s, which represent the input signals of the characteristic elements 
6-23 and 6-24 in Figure 27, are output at a very high frequency if the first term becomes equal to 



0, i.e., disappears. However, if s > 0, the valves 6-7 and 6-8 must be switched in such a way that 
a pressure build-up takes place. If s < 0, the valves 6-7 and 6-8 must cause a pressure reduction. 
A certain idle time in the valve control between the output of an SO actuating signal and an SG 
actuating signal ensures-as described above-that both valves cannot be simultaneously actuated. 
However, both valves may also be briefly opened in order to minimize ripple during the pressure 
build-up in the recipient. 

The design of the pressure system, in which the pressure control according to the 
invention is utilized, is shown in Figure 28. Pressure is built up by means of a pressure generator 
6-25. The pressure generator usually consists of a pump with a motor that serves as the drive. 
The pressure circuit is aligned in one direction by means of return valves 6-26 and 6-27 which 
are arranged upstream and downstream of the pressure generator 6-25. The SG valve 6-7 located 
downstream to the pressure generator 6-25 and the first return valve 6-27. If pressure must be 
built up downstream to this valve 6-7, i.e., if the condition s > 0 is fulfilled, this valve is actuated 
by the characteristic element 6-24 such that the valve opens. The pressure is measured directly 
behind the valve 6-7 by the pressure sensor 6-16. If the pressure behind the valve increases above 
a predetermined value, the control condition changes to s = 0 or s < 0, i.e., the SG valve 6-7 is 
first closed and the SO valve 6-8 is then opened. Due to this measure, the pressure on the brakes 
6-15 can be discharged, and the fluid flows into the reservoir 6-28. This alternate switching-on of 
the valves in connection with the monitoring by the pressure sensor 6-16 in the immediate 
vicinity of the valves 6-7 and 6-8 to be actuated allows a very fine metering of the brake pressure 
as described above. 

In another embodiment of this brake system, one valve can be eliminated. This 
embodiment is shown in Figure 29. In this case, the pressure generator 6-25 constantly operates 
in opposition to the pressure in the brake system, where the SO valve 6-7 periodically opens such 
that the pressure cannot exceed a predetermined value. In other respects, the function of this 
embodiment is identical to that of the embodiment described above. Analogously, the pressure 
generator may also be actuated identically to the SG valve. 

The pressure system can be used for arbitrary brake systems and brake systems that are 
arbitrarily divided over the wheels of a motor vehicle. 

Another aspect of the invention pertains to a method and a device for achieving a 
transition between two driving conditions with the fewest possible jerks. 

A method and a device for stopping an object with few jerks is known from 
DE 34 34 793. In this method according to the state of the art, the instantaneous speed and the 
instantaneous deceleration of an object equipped with a controllable brake system is determined. 
A nominal deceleration value is calculated from these two values. The nominal deceleration 
value is compared with the instantaneous deceleration and a corresponding differential signal is 
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generated. The brake system is actuated in such a way that the differential signal becomes 
minimal and the instantaneous deceleration is adjusted to the nominal deceleration value. If 
"stopping with few jerks" is desired, a calculated nominal deceleration value is output, where the 
deceleration is proportional to a function of the speed. In this case, the instantaneous deceleration 
and the nominal deceleration value are identical at the beginning of the operating mode "stopping 
with few jerks." The nominal deceleration value is approximately zero when the instantaneous 
speed approaches zero. 

In the method according to the state of the art, a beginning condition and an end condition 
are defined by the speed value and deceleration value, respectively. In the driver assistance 
systems which are currently in development and intended for assisting the driver in accelerating 
and decelerating the motor vehicle, a limitation to acceleration and speed represents a 
disadvantage that clearly limits the scope of utilization of the system. More flexible solutions are, 
in particular, desirable for automatic controls of the driving speed (cruise control), the distance to 
the vehicle ahead, the process of starting firom a stop and-as the only aspect taken into 
consideration in the cited state of the art-the targeted deceleration. In all these instances, an 
automatic transition from a given instantaneous driving condition to a desired future driving 
condition should take place. 

Consequently, the objective of this aspect of the invention consists of realizing the 
transition from one driving condition to a desired driving condition, where this should be 
possible for all driving condition parameters, and wherein the jerk associated with the transition 
should be minimal. 

This objective is attained with the characteristics of Claims 105 and 1 12. The respective 
subordinate claims pertain to preferred embodiments of this object of the invention. 

The solution of the above-mentioned problem is based on the calculation of the transition 
acceleration by means of a calculus of variations. The result of the calculus of variations is an 
algorithm that delivers the optimal time characteristic of the driving condition in the 
above-mentioned sense during the transition phase. In this case, the duration of the transition 
phase may be a predetermined, constant value or represent a function of at least one of the 
above-mentioned driving parameters. 

In the method according to the invention, the actual condition is defined by the 
instantaneous location, the instantaneous absolute speed, the instantaneous acceleration as well 
as the instantaneous driving parameters that define the driving condition in an additional 
reference system. This pertains, in particular, to the vehicle that drives ahead. This means that the 
corresponding parameters are the distance (to the vehicle driving ahead) the relative speed (i.e., 
with respect to the vehicle driving ahead) and the relative acceleration (between the first and 
second vehicles). For example, if the instantaneous driving situation is characterized by the fact 



that the distance is excessively short for ensuring safe driving conditions, i.e., the distance differs 
from the nominal distance, a nominal longitudinal acceleration progression that causes a 
transition from the instantaneous driving condition with the unsuitable distance into a nominal 
driving condition with the desired distance with few jerks is determined v^th the method 
according to the invention. For this purpose, a time-dependent acceleration function that is 
defined over a predetermined time interval is determined in such a way that its integral as a 
fimction of the square of its time derivative is a minimum, where the beginning condition and the 
end condition are defined. In the above-mentioned example, this would, in particular, pertain to 
information regarding the instantaneous distance to the vehicle driving ahead and the definition 
of a nominal distance to the vehicle driving ahead. This can be mathematically expressed in the 
form of 

i (x(t))^dt = minimal 7/1 

0 

with 

v(t = 0) = v^; v{t = t^) = 7/2 

wherein v is a so-called six- vector that can be illustrated in the form of 



X 
X 

V = X 

s 
s 
s 



In a preferred embodiment of the method according to the invention, the acceleration 
function which fiilfiUs the above-mentioned minimal condition is selected from a set of 
predetermined fimctions such that the storage area is somewhat limited. This is particularly 
advantageous in the numerical evaluation of favorable acceleration fimctions because the 
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functions to be searched must be stored in a limited memory. Depending on the problem on 
which the calculus of variations is based, the quantity of the functions to be searched may, for 
example, be limited to functions that are dependent on the square of the time. Since a quadratic 
dependence may, under certain circumstances, not lead to the desired result, it may be necessary 
also to take into consideration functions that depend on the cube of the time, hi both instances, 
the stored functions may depend on the predetermined transition time for reaching the nominal 
condition and/or on the nominal distance and/or on the actual condition and/or the nominal 
condition based on the parameters. In addition, the transition time itself may also depend on 
driving parameters. 

The evaluation of the most favorable acceleration function as the nominal longitudinal 
acceleration is described below with reference to one example that is illustrated in the figure. The 
figiu-e shows a flow chart, according to which the method is carried out. 

hi the example described below, the observed vehicle, into which a device for carrying 
out the method for controlling the longitudinal motor vehicle movement according to the 
invention is installed, travels over range x(t) in the time t. In this case, the separation s(t) between 
vehicles is continuously measured. This is realized with conventional distance sensors, e.g., radar 
sensors, ultrasonic sensors or laser sensors. The distance measurement itself may also be realized 
with a series of pulses that are continuously emitted by the sensor and received by a detector that 
is interconnected to the sensor. However, it is also possible to use continuous signals. These 
continuous signals are particularly advantageous if the changes should also be measured in 
continuous fashion, hi pulsed mode, this is only possible by measuring the transit time 
differences from pulse to pulse, i.e., in discrete fashion. When using a continuous signal, the 
frequency shift of the signal caused by the relative speed can be used. The absolute value of the 
distance can only be determined by means of triangulation or the like when using a continuous 
signal. The nominal separation between vehicles is defined by 



wherein x represents the driving speed and bo, bi and b2 represent parameters that are discussed 
further below. In this particular embodiment, it is assumed that the nominal separation differs 
from the instantaneous separation between vehicles. The instantaneous driving condition, i.e., the 
driving condition at time t = 0, can be illustrated in the form of a six-vector as shovm below: 




7/3 
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x(0) 
X (0) 
x{0) = 
s(0) 
s (0) 
s (0) 



In order to reach the nominal distance, the driving condition defined by the six-vector 
must change to a driving condition that is defined by the following six-vector: 



x(te) Xe 

X(te) Xe 
X(te) = ^ Xe 
S(te) S^^iTZ) (t) 
S{tJ 0 
S(te) 0 



Key: 1 'J nom 

This transition must take place in such a way that the integral in equation 90/1 becomes 
minimal. This means that the square of the jerk is minimized. Due to the squaring of the function 
to be integrated, the objective has become independent of whether the transition acceleration is 
positive or negative. This means that if a solution to this problem is found with the boundary 
condition defined by the previously discussed six-vector, the problem is solved when 
decelerating and when accelerating the motor vehicle. However, it also must be observed that the 
limits of integration for the calculation of the integral are defined. It is, however, possible to 
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constantly adapt these limits of integration to the instantaneous driving condition, hi other words, 
the transition time t may be freely selected. 

When carrying out the calculation, one initially encounters the problem that it is not 
known at the time t = 0 how the vehicle driving ahead moves for t > 0. Consequently, its 
movement must be extrapolated. For this purpose, the movement is developed into a Taylor 
series which is terminated after the second order term, so that the following results for the 
movement x(t) + s(t): 

x(t) + s(t) = (Xq+Sq) + (Xq + Sq) t + - (Xq + Sq) 7/4 

If this equation is differentiated several times with respect to time, equation 7/4 is 
transformed into equation 

x(t) = -s(c) 7/5 

such that the variation objective can be formulated in the form of 

\ (■3(t))^dt Min ^ ,^ 

a ' 

In this case, the following boundary conditions apply 

s(0) = Xo 
s (0) = So 
s{0) = So 

x(t,) = bo+biX{tJ+b2{x(tJ)' . 7/7 

x(tj= 0 
x{tj= 0 

where, in the term for x(te) the value for x (te) can be substituted. The intermediate result for the 
time history of the separation between vehicles results in the form of 

s(0 = so+ So t + (^a t'V2 + 

(i''(30&, + 16 .^0 ic + 3 io t,'- 

30 (bo + b, (io ► \ ic + ic io ^o) 

b2 ( + ^0 t.. + tc X, + i„ )-)))./(2 te') + 

(t'(-12so-6 io t,- ^0 tc'+ '^'^ 
12 (bo + b| (ifl + jfj ic + ic jfu + ^o) + 
b2(.v„ + ^ot, + tcico + Xo)^))y(2t«') + 
(t^-20so- 12 .v„ 1,-3 .?„ t.^ + 

20 (bo + b, (io + jfo ^- * t« + i<i ) 
b2(jo + \ ic + tc Jco + io)^))V(2ic'). 
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Consequently, the following results for the optimal acceleration progression for the absolute 
acceleration x : 

xU) ^ Xo - (6 (30 So + 16 tc + 3 i'o ^< ' 

30 (bo b, (5o + 5o ^ ^ ^0 ^o) + 
b2(io + ^0 ^ + i„ + Xo)^))V^c'- 
(10 r' (-12 So -6 tc- V + 

12(bo + bt (.Yo + 3fo tc + U + Xo)+ 7/9 
b2(io + ^o^ + ^c x„ + Xo)^)))/lc^- 
(3 t (-20 So - 12 io t, - 3 5o .ic^4- 

20 (bo + bi (i-„ + 5, + I, i„ + Xo) + 
b2(.v, + ifo tc + tc ifo - Xu)^))yt.^ 

As described previously, this is how one proceeds when determining the optimal 
acceleration function, if a transition from an initial condition with a predetermined separation, a 
predetermined relative speed, and a predetermined relative acceleration, as well as a 
predetermined speed and a predetermined acceleration of the motor vehicle into an end condition 
with a predetermined nominal separation from the vehicle driving ahead should be achieved. 
However, this represents a special problem, the mathematical solution of which was presented as 
an example. It would also be possible to adjust other transition conditions, e.g., the transition 
from an instantaneous speed into a nominal speed or nominal relative speed and a transition 
between an instantaneous acceleration and a nominal relative acceleration or nominal 
acceleration, the calculation of which takes place in accordance with essentially the same 
principles as described above. 

The method, according to the invention, which is identical for all transition conditions is 
shown in Figure 30. If an optimum acceleration function for the transition from an actual 
condition into a nominal condition should be determined, the method is started (step 7-Sl) by 
writing a high value into memory. This value in the memory represents the integral of a fictitious 
function- in step 7-Sl -which must be minimized, wherein selected functions are compared with 
this fictitious function in the ensuing steps. 

In the next step 7-S2, a function that is subsequently processed and compared with the 
above-mentioned fictitious function is selected from a function space. In the simplest case, the 
memory contains a series of first-order polynomials, where the desired function is, depending on 
the desired highest power of the function, formed by multiplying several polynominals of the first 
degree. In addition, the memory may also contain exponential functions in the form of its decay 
coefficients. A person skilled in the art is familiar with these techniques, which are thus not 
discussed in detail. 



During each selection of a function from the function space, a loop parameter n is 
simultaneously incremented. 

In the next step 7-S3, the selected function is differentiated with respect to time and then 
squared. 

In step 7-S4, the function is finally integrated over the limits 0 and te, i.e., the end of the 
transition phase. Here, te initially represents a fixed value. However, this value may, depending 
on the respective requirements, be adapted to the respective nominal speed and/or the respective 
nominal separation and/or the absolute speed and/or the instantaneous separation during the 
course of the method. 

In step 7-S5, the value of this integral is compared with the value stored in memory in 
step SI . If the value of the integral less than the value stored in memory, the process continues 
with step 7-S7, where the function is stored in a function memory in parameterized form. This 
function memory is designed similarly to the function space in step 7-S2, but this memory is 
designed for only one function. After step 7-S7, it is determined whether the loop parameter is 
identical to a predetermined value which represents the upper limit of the functions to be tested. 
This comparison takes place in step S6. 

If it is determined in step 7-S5 that the value stored in the memory is less than the integral 
value when comparing the previously evaluated integral with the value stored in the memory, the 
process also continues directly with step 7-S6, i.e., step 7-S7 is bypassed. 

If it is determined in step 7-S6 that the loop parameter n has not yet reached the 
maximum value nmax, the process returns to step 7-S2, and a new function is selected from the 
function space while incrementing the loop parameter n. However, if it is determined that the 
loop parameter n is already identical to the maximum value Umax, the function stored in the 
function memory is output in step 7-S8 as the result. The sequence ends with step 7-S9 which 
follows step 7-S8. 

Once a mathematical expression for the optimal acceleration function that, for example, 
represents a third-order polynomial is obtained after carrying out the method according to the 
invention, the coefficients of the polynominal depend on the predetermined transition time te for 
reaching the nominal condition and/or on the instantaneous nominal separation and/or on the 
instantaneous relative speed and/or the instantaneous relative acceleration and/or the 
instantaneous absolute speed and/or the instantaneous absolute acceleration based on the 
parameters. In this context, the term "instantaneous" refers to the beginning of the transition 
phase. When defining such a third-order polynominal as is illustrated in equation 7/9, the 
independent variable t may be set equal to the sampling time during the digital processing for a 
discrete-time longitudinal motor vehicle controller, so that the optimal acceleration value for the 
ensuing sampling time is obtained. If one intends to utilize linear filters for determining the 
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optimal acceleration change in a continuous longitudinal motor vehicle controller, one attains the 
filter coefficients by developing equation 7/9 into a series up to the desired order. 

The device according to the invention for carrying out the above-mentioned method 
contains a memory for storing a numerical value that represent the integral of a function, several 
function memories that are combined into a function space, where the functions, from which the 
transition function should be determined, are previously stored in said function memories, and an 
individual function memory in which the function that solves the variation problem is stored, hi 
addition, the device contains a differentiation element for differentiating a selected function, 
where the output of said differentiation element is connected to the input of a squaring element 
for squaring the differentiated function. This squaring element muhiplies the function by itself 
and then forwards the result to the input of an integrator. This integrator forms the integral of the 
input signal, wherein the lower limit of integration generally coincides v^th the start of the 
sequence of the process. However, the lower limit of integration may, for example, also be freely 
selected by the driver, and the upper limit of integration te is predetermined by the driver. In 
addition, the control device according to the invention contains a comparator for comparing the 
output value of the integrator with the numerical value stored in memory and for outputting the 
determined optimal acceleration function. 

Another aspect of the invention pertains to a distance control method with virtual springs 
and dampers, i.e., v^th an artificially generated dynamic during the process of adjusting the 
separation between vehicles, as well as a device for carrying out this method. 

It is generally knovra to determine the nominal separation from the vehicle driving ahead 
as a function of the instantaneous speed of the second vehicle. However, the nominal separation 
between vehicles can also be determined as a function of the relative speed between vehicles. For 
this purpose, the second vehicle speed and the separation between vehicles is determined. One 
system of this type is knovra from DE 43 12 595, for example. The safety system described in 
this publication contains a distance sensor for determining the separation between vehicles and a 
program-controlled computer for processing the signals of the distance sensor and outputting 
corresponding control commands. The ultrasonic distance sensor operates in accordance with the 
propagation time principle. The computer differentiates the measured value of the distance sensor 
with respect to time, and activates a warning device and decelerates the motor vehicle if the 
relative speed is sufficiently high and the separation sufficiently small that a collision is 
unavoidable without initiating a braking maneuver. Another example of such a safety system is 
known from US 5 165 497. 

In order to control the separation between vehicles, the (second) motor vehicle must be 
respectively accelerated or decelerated with the aid of the so-called E-Gas, i.e., the electrically 
controllable engine torque, and an active brake, i.e., an electrically actuated brake, in such a way 



that a predetermined distance which depends on the speed (of the second motor vehicle) is 
adjusted. 

However, practical tests have demonstrated that a significant period of time may pass 
between the output of the predetermined acceleration value by the control unit and the time at 
which the motor vehicle actually reaches the acceleration value. This so-called idle time causes, 
in the above-mentioned controllers and systems according to the state of the art, the entire 
system, consisting of several motor vehicles driving one behind another, to oscillate, so that the 
oscillations keep getting bigger, until finally individual speeds of motor vehicles drop to zero or a 
traffic jam occurs in a line of motor vehicles. 

Consequently, the objective of this aspect of the invention consists of disclosing a method 
and a device which make it possible to prevent undesirably sudden changes in the speed of the 
motor vehicle. 

This objective is attained with the characteristics of Claims 1 14 and 1 18. The respective 
subordinate claims pertain to preferred embodiments of this method and this device. 

While investigating the above-mentioned problem, the inventor recognized that the 
separation control between two vehicles can be described with a model that consists of a mass 
coupled to a spring and a damper for the friction. The following description pertains to this 
model. 

The method is characterized by outputting a nominal tracking acceleration for reaching a 
nominal separation Snom between vehicles, where said nominal separation depends on the 
instantaneous separation s, the relative speed Vrei and the absolute speed Vabs- In this context, the 
term instantaneous separation s refers to the separation at the time at which the output of the 
^ nominal tracking acceleration amom takes place. This dependence of the nominal tracking 

acceleration amom on the separation s, the relative speed Vrei and the speed of the second vehicle 
or absolute speed Vabs introduces, in contrast to the state of the art, an additional term into the 
determination of the nominal tracking speed which, when observed in a model, corresponds to 
the friction of the vehicle on the roadway. The idle times or reaction times of the controls and 
actuators of the motor vehicle can be modeled by means of the mass, and the control of a 
constant separation between vehicles can be modeled by means of a spring. 

In one preferred embodiment, the nominal tracking acceleration amom is the sum of a first 
component f that depends on the instantaneous separation s firom the vehicle driving ahead, and a 
second component g that depends on the relative speed Vrei between vehicles. Here, the 
dependencies are a function of the absolute speed Vabs, i.e., this can be illustrated in the form of 
the formula 



- (8/1) 
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where f and g are predetermined functions. 

In one particularly preferred embodiment, the functions f and g are added. 

In another preferred embodiment of this method, the nominal tracking acceleration aTnom 
is determined in the form of a sum of three components. Here, the first term of the sum or the 
first components is a term that depends on the separation s. This separation-dependent term may, 
in particular, be proportional to the second derivative of separation with respect to time, wherein 
said term may also depend directly on the separation. The second term of the sum or the second 
component depends on the relative speed Vrei in this embodiment. The second term of the sum is, 
in particular, proportional to the relative speed. The third term of the sum depends on the 
absolute speed, i.e., the speed of the second motor vehicle. The term second motor vehicle refers 
to the motor vehicle in which the system according to the invention is installed. The third term of 
the sum is, in particular, proportional to the absolute speed, i.e., a nominal tracking acceleration 
in the form of 



results. Here, amom represents the predetermined acceleration value or the nominal tracking 
acceleration value, a(s) represents a separation-dependent term, and, in particular, is proportional 
to the second time derivative of the separation s between the (second) motor vehicle and the 
vehicle driving ahead, and Vrd and Vabs respectively represent the relative and absolute speed of 
the (second) motor vehicle to the vehicle driving ahead and to the road, respectively. The 
coefficients b and c are weighting factors. 

The weighting factors may be constant. However, this has the disadvantage that the 
additional friction terms ultimately cause the separation between vehicles to undesirably increase. 
In one preferred embodiment of the method according to the invention, variable coefficients are 
used in the evaluation of the nominal tracking acceleration. These variable coefficients then 
preferably depend on the relative speed Vrei, so that the following applies: 



ainom = a(s) + b * Vrei + C * Vabs 



b - 



b {v,.ei) / C = C (V^crl 



where equation (8/2) can be illustrated as shown below: 



axrom = a(s) + b(Vrel) * Vrei + c(Vrel) * Vabs 



The functional dependency of the coefficients on the relative speed is suitably 
predetermined and adapted to the respective situation. This is, in particular, advantageous if the 
weighting of the individual components or term of the sums m the above-mentioned equation 
(8/2) should depend on the driving conditions. This makes it possible for the "damper" between 
the two vehicles to become the determining factor for the nominal tracking acceleration at low 
differential speeds and the "damper" between the vehicle and the road to become the determining 
factor for the nominal tracking acceleration at high differential speeds. The transition between 
these two cases can be realized smoothly if the dependence of the coefficients on relative speed is 
also chosen in dependence on tune. 

Due to the variable coefficients, the correlation between nominal tracking acceleration 
and relative or absolute speed is no longer linear. This already applies to the very simple equation 
(8/2). In addition to representing the nominal tracking acceleration as a sum, it is, of course, also 
possible to find more complicated functions that are based on other friction laws in order to 
obtain special effects. This essentially corresponds to nonlinear springs and dampers. 

The method was numerically simulated and provided the expected result: the oscillations 
in a line of motor vehicles caused by the idle times between the output of a nominal acceleration 
value that was calculated without virtual springs and masses and the time at which the desired 
acceleration is reached were suppressed with the method according to the invention, so that 
permanent deviations no longer occurred. 

One embodiment of the method according to the invention is described below with 
reference to the figures, where: 

Figure 31 shows the driving situation on which the method according to the invention is 
based, in terms of a model. 

Figure 32 shows an embodiment of the control method according to the invention. 

Figure 33 shows another embodiment of the control method according to the invention, 

and 

Figures 34a-34c show the progression of the most important driving variables during the 
control method according to the invention. 

Figure 3 1 shows two vehicles 8-1 and 8-2, one behind the other, where the control system 
according to the invention is installed in the second vehicle 8-1. The two vehicles are connected 
by means of a virtual spring 8-3 and a virtual damper 8-4. These two virtual coupling elements 
are adjustable, i.e., a desired or nominal separation between the two motor vehicles results. This 
desired or nominal separation is composed of a term that depends on the absolute speed and a 
so-called "offset" term Soffset- The term that depends on the absolute speed can be illustrated as 
the product of a time constant and the absolute speed Vabs- The time constant in the product 
represents the time that would elapse at the instantaneous absolute speed until the (second) motor 




38 



vehicle 8-1 would impact the stationary "lead" vehicle (time to collision, Tcoi). The damper 8-4 
somewhat counteracts the spring and thus prevents excessively high excursion or oscillation 
amplitudes of the system consisting of two vehicles, one behind the other. 

The circumstances shown in Figure 3 1 correctly reflect the situation in the steady-state 
case. However, during the transition to the temporally changed case, the development of the 
driving parameters over time must also be taken into consideration. The design of the control 
system according to the invention which is used for this purpose is shown in Figure 32. 

A distance sensor 8-5 outputs signals that correspond to the instantaneous separation of 
the vehicle 8-1 from the vehicle 8-2 driving ahead. These signals may be derived from the transit 
time of, for example, ultrasonic pulses or output signals of infrared sensors, radar sensors, and 
the like. However, these signals may also be obtained by means of triangulation when using 
continuous wave signals. Due to the continuously measured distance, its change over time, i.e., 
its time derivative Vrei, is also known. The speed selector switch simultaneously predetermines 
the instantaneous nominal speed of vehicle 8-1 and consequently a nominal separation that 
vehicle 8-1 must maintain relative to the vehicle 8-2. As described previously with reference to 
Figure 31, this nominal separation can be described in the form of 



The nominal separation d output by the speed selector switch 8-6 is subtracted from the 
instantaneous distance output by the distance sensor 8-5 in a subtractor 8-7. The difference signal 
between both distances which is output by the subtractor 8-7 represents the input variable for a 
spring characteristic element 8-9. A first acceleration value is generated in this spring 
characteristic element 8-9 in accordance with the input variable. The relationship between the 
input variable and the output variable, and hence the first acceleration value, is usually nonlinear 
in this case. 

In addition to the determination of a first acceleration value by the spring characteristic 
element 8-9, the distance signal of the distance sensor 8-5 which is differentiated with respect to 
time (and, in particular, may be obtained from a Doppler shift measurement) is used for 
determining a second acceleration value. In this case, the temporally derived signal is used as the 
input variable for a damping characteristic element 8-8 that outputs a second acceleration value. 
In this case, the relationship between the input variable and the output value is also usually 
nonlinear. 

In both characteristic elements 8-8 and 8-9, characteristics which depend on the absolute 
speed are used in the method according to the invention, i.e., the characteristics stored in each 
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= Tcol * Vabs + SofFset 



characteristic element depend on the parameters for the instantaneous absolute speed Vabs of the 
second vehicle. 

The two acceleration values are added in an adder 8-10, filtered and limited with respect 
to their maximum amplitude by a filter 8-11. This filtered and limited acceleration value 
corresponds to the nominal tracking acceleration. 

In another embodiment of the control device according to the invention, which is shovm 
in Figure 33, the characteristic elements 8-8 and 8-9 are combined into a performance map 8-12, 
so that a corresponding value for the acceleration can be read from a quasi three-dimensional 
performance map if the separation and the relative speed of the distance sensor 8-5 are used as 
input variables. In this case, the family of performance maps also depends on the parameters of 
the instantaneous absolute speed Vabs of the vehicle. The embodiment shown in Figure 33 has the 
advantage that the adder 8-10 can be eliminated. If the values are stored in a table, calculations 
are no longer necessary. 

Figure 34 shows the progression of important driving variables during the control phase. 
In Figure 34a, the progression of the separation between vehicle 8-1 and vehicle 8-2 is plotted as 
a function of time. At time t = 0, this separation amounts to, for example, 200 m. The nominal 
separation is assumed to initially amount to 10 m. However, this nominal separation does not 
have to be constant over time, wherein the nominal separation depends, as described above, 
essentially on the instantaneous driving situation, in particular, the speed of the vehicle driving 
ahead, the absolute speed of the second vehicle, etc. 

In order to attain a smooth adjustment of both motor vehicles to the nominal separation as 
shovm at the right of the graphic illustration of the temporal progression of the separation and the 
nominal separation, the speed shown in Figure 34b must be adjusted. In this case, it is assumed 
that the first vehicle 8-2 travels at a constant speed of 50 km/h. If vehicle 8-1 is accelerated in 
order to reduce the distance to the first vehicle 8-1 [sic 8-2], the nominal separation as a function 
of changes in dependence on the absolute speed as shown in part a of Figure 34. Since the speed 
is continuously adjusted as a fimction of the instantaneous distance from the first motor vehicle 
8-2, slight fluctuations in the speed curve which are of somewhat "higher frequency" occur. 
These portions of higher frequency in the speed manifest themselves in the acceleration signal 
shovm in Figure 34c. In this figure, these portions are clearly defined and show the reaction and 
the adjustment of the nominal tracking acceleration by the system and method according to the 
invention. 

Another aspect of the invention pertains to an operating concept for a separation- 
regulating cruise control and, in particular, a method for adjusting the nominal separation 
between vehicles with a distance controller, where the driver is able to modify the adjusted 
separation. This aspect of the invention also pertains to a device for carrying out this method. 



When contemplating an automatic control for the separation between vehicles, the 
question regarding the correct amount of separation arises. There are certain rules of thumb, e.g., 
"half the speedometer reading" and the legally prescribed safety distance of "one fourth of the 
km/h traveled in meters." However, these values are frequently not observed and the safety 
distance between motor vehicles becomes too small. 

In automatic separation controllers, the nominal separation between vehicles is 
determined as a fiinction of the own instantaneous speed. In order to realize this separation 
control, the instantaneous distance to the first vehicle and the absolute speed is determined, 
whereafter a first nominal separation is determined from the instantaneous separation and the 
absolute speed. 

Such a system is knovra fi-om DE 3 1 30 873, for example. The separation controller 
described in this publication can be used in a first vehicle that is engine-driven and contains a 
power control element that is prestressed into an idle position for the engine, a brake control 
element, and a signal generator. The signal generator generates first control signals that are 
proportional to the distance to the leading second vehicle, as well as second control signals that 
actuate the power control element and the brake control element once the distance between the 
motor vehicles falls short of a predetermined distance. If the distance falls short of a first value, 
the first actuator moves the power control element in the direction of the idle position as the 
distance becomes smaller, against the effect of an increasing spring force. If the distance falls 
short of a second value that is smaller than the first value, and if the power control element was 
moved toward the idle position by a predetermined distance, the second actuator increasingly 
decelerates the first vehicle as the distance becomes smaller. If the distance falls short of a third 
value that is smaller than the second value, the signal generator delivers third control signals for 
initiating a fiill brake application of the first motor vehicle to the second aptuator, wherein the 
signal generator also delivers third control signals for resetting the power control element into its 
idle position and for maintaining the power control element in its idle position to a third actuator. 

Another example of such a method for controlling the distance between motor vehicles is 
known fi-om DE 44 37 678. In this method, the distance between vehicles is determined by a 
measuring unit, this distance is evaluated by a control unit, and a nominal distance that depends 
on the speed is adjusted as a function of this evaluation. 

However, these controls are usually switched off by the driver if the distance controller 
constantly must intervene with the vehicle control due to the traffic flow. This would lead to an 
excessively frequent deceleration of the motor vehicle, e.g., because other motor vehicles 
frequently merge in front of the vehicle equipped with the distance controller. In most distance 
controllers, the speed control is immediately switched off once the accelerator pedal or the brake 
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pedal is actuated. Once the driver switches off the distance controller, it may occur that vehicles 
drive excessively close to one another despite the installed distance controller. 

This is good reason variable distance controllers are currently being investigated. 
Additional operating elements for the driver, e.g., a turning knob or a slide switch, for inputting 
the degree of falling short of the safety distance, are currently subject of experiments for these 
distance controllers which are still in the development phase. These new operating elements have 
the disadvantage that they represent "additional" operating elements, the function of which the 
driver initially must comprehend. 

The objective of this aspect of the invention consists of disclosing a method and a device 
which make it possible for the driver to fall short of the safety distance without having to switch 
off the distance controller and without requiring additional operating elements. 

This objective is attained with the characteristics of Claims 122 and 126. The respective 
subordinate claims pertain to preferred embodiments of this method and this device. 

The method is characterized by outputting a second nominal separation Snom once the 
accelerator pedal is actuated. Thus, the driver need not switch off the distance controller. 
According to the invention, the legally permitted separation is maintained while the distance 
controller is switched on as long as the accelerator pedal (gas pedal) of the motor vehicle is in its 
starting position. However, once the driver actuates the accelerator pedal, the nominal separation 
to be controlled is shortened as a function of the value of the pedal actuation. Consequently, the 
driver still has full control over the vehicle and remains responsible for falling short of the safety 
distance. However, the driver is still able to utilize the advantages of the automatic distance 
control. 

In one preferred embodiment, warning signals, the volume of which depends on distance, 
where the separation between the motor vehicles goes below the nominal reparation, are output 
once the separation is less than the safety distance. These warning signals are output acoustically 
and/or optically and/or haptically. 

Due to the proposed measures, the operation of the distance controller according to the 
invention is superior to that of the distance controller of the state of the art because it may remain 
continuously switched on in all driving situations, particularly in heavy traffic. This means that 
the distance controller need not be deactivated if the driver intends to go below the safety 
distance, as is the case with the controller of the state of the art. The behavior of the distance 
controller according to the invention is transparent with respect to the fact that the actuation of 
the accelerator pedal causes the second vehicle to move closer to the first vehicle despite the fact 
that the distance controller is switched on, wherein the second vehicle increases the distance to 
the first vehicle when the accelerator pedal is released. The distance control always remains 
active and prevents a collision, even at a reduced safety distance. 



One embodiment of the method according to the mvention is described below with 
reference to the figures. Figure 35 shows a flow chart of one embodiment of the method 
according to the invention. 

In the method for controlling the nominal separation to the vehicle ahead according to 
Figure 35, the separation s to the vehicle ahead is measured in step 9-S2 which takes place after 
the start of the method (step 9-Sl), and hence, the activation of the distance controller or the 
control device. This is conventionally realized with the aid of a distance sensor that, for example, 
is based on the propagation time measurement of ultrasonic pulses, laser pulses, or radar pulses, 
or the triangulation of continuous wave laser signals. 

An absolute speed Vabs of the motor vehicle is then determined in step 9-S3. For this 
purpose, the reference speed of an ABS system is preferably utilized. However, it would also be 
possible to evaluate any other signal that represents the speed of the motor vehicle, e.g., the 
speedometer signal. 

A first nominal separation Snom that depends on the absolute speed Vabs is determined 
from the variables knovm thus far in step 9-S4. 

If it is determined in step 9-S5 that the driver intends to accelerate the motor vehicle by 
actuating the accelerator panel, i.e., if it is determined that the distance between the two motor 
vehicles would go below the first nominal separation, the system detects the driver's intentions. 
For this purpose, the angle (p of the accelerator pedal can be determined. 

A new, second nominal separation Snom' is determined and output in step 9-S7, based on 
the driver's intentions. In this case, the new nominal separation Snom- may depend on the angle (p, 
e.g., linearly or via a previously stored characteristic. The second nominal separation is adjusted 
in step 9-S8. 

After the determination of the new nominal separation Snoms the pnocess jumps to the 
same step as after step 9-S5, at which the process is continued if the driver has not actuated the 
accelerator pedal. 

The method ultimately examines in step 9-S9 whether the distance control should be 
switched off If this is the case, the process jumps to step 9-SlO which represents the end of the 
process. 

If it is not intended to switch off the distance control, the process jumps back to Step 9-S2 
and continues with the determination of the instantaneous separation s to the motor vehicle 
ahead. The previously described steps follow imtil the motor vehicle has reached its destination 
or the distance controller is deactivated. 

Another aspect of the invention pertains to a method for adapting the curve speed of a 
motor vehicle while driving through a curve as well as a device for carrying out this method. 



It is generally known to automatically adapt the speeds to the instantaneous circumstances 
and thus assist the driver in controlling the vehicle; consequently, the driver is relieved from 
having to carry out routinely required operations. On a straight roadway, these tasks are, for 
example, fulfilled by a distance controller or a cruise control. These components automatically 
initiate acceleration and deceleration maneuvers as a function of the instantaneous traffic 
conditions, and thus prevent tailgating or maintain an adjusted cruise control speed independently 
of hills. 

The tasks to be fulfilled by a comprehensive speed control also include the reducing of 
the speed through a curve if the speed is too high and it is impossible for the motor vehicle to 
safely drive through the curve or the comfort of the passengers is diminished. 

Practical experiments have demonstrated that such a simple limitation of the curve speed 
increases safety, but does not take into consideration the desire of the passengers for comfortable 
driving conditions. It is frequently desired to have an adapted driving mode adjusted before a 
situation occurs, in which the automatic control influences the control of the vehicle for safety 
reasons (expanded speed control). 

The objective of this aspect of the invention consists of disclosing a method and a device 
for adapting the curve speed. 

This objective is attained with the characteristics of Claims 127 and 134. The respective 
subordinate claims pertain to preferred embodiments of this method and this device. 

In the method for automatically adapting the speed of the motor vehicle to a curve, the 
absolute speed of the vehicle is initially determined. The method utilizes already known variables 
and may be implemented in a motor vehicle and actuated independently or in connection with a 
distance controller and/or a speed controller. A combined system provides certain advantages 
because all knovm systems partially utilize the same actuators and sensors. In this case, the 
driving situations, during which the system intervenes, and the intended effects of the systems 
are, however, different. 

In the following description, the term longitudinal dynamic control refers to a speed 
control as well as a distance control or any other control which influences the speed of the motor 
vehicle. 

The method according to the invention for automatically adapting the speed of the motor 
vehicle to a curve is characterized by determining a transverse acceleration of the motor vehicle. 
This transverse acceleration may either be measured directly with an acceleration sensor or 
determined from the yaw rate and the motor vehicle speed if at least one axle of the motor 
vehicle is not subject to a transverse drift. The determined transverse acceleration is compared 
with a predetermined transverse reference acceleration, and a corresponding speed correction 
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signal is output. Based on this speed correction signal, an intermediate acceleration value is 
determined such that a transverse limiting acceleration is not exceeded in the curve. 

This takes place without requiring an active intervention by the driver. Once the motor 
vehicle has driven through the curve and enters a straight roadway again, the transverse 
acceleration drops to zero. A control intervention in the sense of a curve speed adaptation is no 
longer required in this case. 

The transverse reference acceleration, v^th which the actual transverse acceleration is 
compared and which may correspond to the limiting acceleration, lies between approximately 2 
and 3 m/s^ for comfortable driving conditions. 

The advantage of the method according to the invention is that the absolute speed of the 
motor vehicle is adapted to the radius of the curve while driving through curves, so that the 
transverse acceleration stays v^thin a range of values for maintaining comfort. In motor vehicles 
with cruise control, it is advantageous that the nominal speed be always maintained at the value 
adjusted for a straight roadway. Consequently, the driver need not switch off the speed controller 
function or reprogram the speed controller before and after each curve. 

The device according to the invention consists of a control device for automatically 
adjusting the speed. 

The control device according to the invention is characterized by means for determining a 
transverse acceleration of the motor vehicle and a comparison device for comparing the 
transverse acceleration with a reference transverse acceleration and for outputting the speed 
correction signal in the form of an intermediate acceleration value. 

One embodiment of the method according to the invention and the device according to 
the invention is described below with reference to the figures, where 

Figure 36 shows the process sequence of one embodiment of the method according to the 
invention, and 

Figure 37 shows one embodiment of a controller according to the invention. 

Figure 36 shows the process sequence of the method according to the invention in the 
form of a flow chart with the steps 10-Sl through 10-S3. After starting the system, the absolute 
speed of the motor vehicle is initially determined. This is usually realized with the aid of the 
motor vehicle speedometer. However, it would also be conceivable to determine the rotational 
speed of the individual wheels, particularly if the motor vehicle is equipped with an ABS control. 

In order to maintain a comfortable curve speed, the transverse acceleration atrans is 
determined in step 10-Sl. A person skilled in the art is familiar with various options for 
determining the transverse acceleration atrans- The direct determination of the transverse 
acceleration is realized with the aid of a suitably installed acceleration sensor. This sensor 
directly measures an acceleration component that acts upon the motor vehicle perpendicular to 



the longitudinal vehicle direction, in the horizontal plane of the motor vehicle. Another option 
for determining the transverse acceleration consists of measuring the yav^ rate (angular speed 
about the vertical axis of the motor vehicle) and multiplying said yaw rate by the motor vehicle 
speed (the tangential speed along the curve). The second option for determining the transverse 
acceleration provides the advantage that a separate acceleration sensor can be eliminated because 
a yaw rate sensor is ahready provided in many motor vehicles. For example, (oscillatory) 
gyroscopes are utilized as yaw rate sensors. If this sensor should also be eliminated, it is possible 
to utilize the ABS control and determine the yaw rate from the rotational speed of the wheels. In 
addition, the yaw rate may also be deteraiined from an output signal of a steering wheel position 
sensor and the absolute motor vehicle speed. 

The measured or determined transverse acceleration is compared v^th the acceleration 
limiting value (step 10-S2). A differential signal that is converted into a speed correction signal 
in the form of an intermediate acceleration value and subsequently output (step 10-S3) resuhs 
from the comparison of these two variables. 

In order to make it possible to carry out a continuous adaptation of the speed while 
driving through a curve if the radius of the curve changes, the method returns to step 10-Sl after 
step 10-S3 and continues with the steps 10-Sl through 10-S3. 

The control device for realizing this method is illustrated in Figure 37. This control 
device contains means 10-1 for determining the absolute speed. In order to correct the absolute 
speed while driving through curves, the control device according to the invention is provided 
with means 10-2 for determining the transverse acceleration. This may pertain to the various 
types of sensors described above, namely a direct acceleration sensor or a combined speed and 
yaw rate sensor. The means for determining the transverse acceleration outputs an acceleration 
value that is compared v^th a reference value in a comparison device 10-3. The reference value 
corresponds to an acceleration at which the process of driving through a curve is still perceived 
as comfortable by the passengers. 

A speed correction signal is derived from the comparison signal by the output device 
10-4. This speed correction signal is incorporated into the method for controlling or regulating 
the motor vehicle in the form of an intermediate acceleration value. 

The method according to the invention and the corresponding device make it possible to 
automate recurring operating processes, e.g., when entering and exiting freeways. 

Claims 

1. Method for controlling or regulating a motor vehicle, wherein 
-an absolute speed Vabs of the motor vehicle as well as additional motor vehicle state 
variables are determined, characterized by the following steps: 



-simultaneously determining several intermediate acceleration values for the motor 
vehicle from the determined motor vehicle state variables, 

-determining a nominal longitudinal acceleration atnom based on the determined 
intermediate acceleration values, and 

-controlling the motor vehicle actuators based on the determined nominal longitudinal 
acceleration. 

2. Method according to Claim 1, SLharacterized by the fact that the nominal longitudinal 
acceleration aLnom is determined by selecting the smallest value from the intermediate 
acceleration values. 1 

3. Method according to Claim 1, characterized by the fact that the nominal longitudinal 
acceleration aLnom is determined by formint a weighted average of the intermediate longitudinal 
acceleration values. \ 

4. Method according to Claim 3, characterized by the fact that the weighting of the 
acceleration values is changed based on the tietermined motor vehicle state variables. 

5. Method according to Claim 3 or 4] characterized by the fact that the temporal changes 
of the weightings are smoothed out by means of predetermined time functions. 

6. Method according to one of Claimd 1-5, characterized by the fact that at least one 
intermediate acceleration value is generated based on the pedal positions. 

7. Method according to one of Claims 1-6, characterized by the fact that one intermediate 
acceleration value is generated based on a cuxts^ control adjustment. 

8. Method according to one of the pfrevibus claims^ characterized by the fact that one 
intermediate acceleration value is generateAby a m^or vehicle follower control. 

9. Method according to one of the pre^^oiJs clahns, characterized by the fact that the 
function of sensors and/or acceleration controllerYs mom^ored by a monitoring computer, 
wherein waming signals are output if a malfunction is detected. 

10. Device for controlling or regulating a mWor vehicle, with 

-devices (1-16, l-17a-c) for determining theVbsolute speed of the motor vehicle as well 
as additional motor vehicle state variables, characterized by 

-devices (1-1 la-d) for simultaneously determining several intermediate acceleration 

values (afoll, acmise^ apedal)^ \ 

-a coordination device (1-12) for determining a total nominal longitudinal acceleration 
aLnom from the intermediate acceleration values (afon, acruL, apedai), and 

-an acceleration controller (1-13) that actuates theWtor vehicle actuators (l-14a-c) based 
on the total nominal longitudinal acceleration (aLnom). \ 

11. Device according to Claim 10, characterized by tl^ fact that the coordination device 
(1-12) selects the smallest acceleration value of the acceleration values (afon, acmise, apedai) input 



into the coordination device as the nolninal longitudinal acceleration (aLnom). 

12. Device according to Claini 10, characterized by the fact that the coordination device 
(1-12) forms a weighted average of the mtermediate acceleration values (afon, acruise, apedai) input 
into the coordination device and outputs this weighted average in the form of the nominal 
longitudinal acceleration (aLnom). | 

13. Device according to Claim 2, characterized by the fact that the coordination device 
(1-12) is designed for changing the weighting of the intermediate acceleration values (afon, acmise, 
apedai) based on the determined state variables. 

14. Device according to one of Claims 10-13, characterized by the fact that it contains a 
device (1-1 Ic) which generates a first intermediate acceleration value (apedai) based on the pedal 
positions adjusted by the driver. 

15. Device according to one of (Claims 10-14, characterized by the fact that it contains a 
cruise control (1-1 lb) which generates (|ne additional intermediate acceleration value (acmise) 
based on commands input by means of switches (1-1 7b). 

16. Device according to Claim 1 4 or 15, characterized by the fact that it contains a motor 
vehicle follower control (1-1 la) whiclffg^r^ates an additional intermediate acceleration value 
(afoii) based on the signals of a distande sensdr (l-17a). 

17. Device according to one oMie pi evious claims, characterized by the fact that it 
contains a memory for time functions in\ijd|br tdysmooth out the temporal changes of the 
weightings. 

1 8. Device according to one of the previousYlaims, characterized by the fact that it 
contains a monitoring computer that detects^ malfunction of individual sensors and/or 
acceleration controllers and outputs corresponding waming signals. 

19. Method, in particular, according toVClaim 1, characterized by . 
-determining a signal that characterizesVhe brake pressure, 

-outputting a first signal (Tcorr, Tactuai,est) mat corresponds to torque as a function of 
braking torque (Tbrake) and/or drive torque (Tengind) and the absolute speed Vabs by an monitor, 

-processing the first signal as well as a second signal that corresponds to the nominal 
motor vehicle torque Tnom into a third signal that cdrresponds to a deceleration output torque and 
a fourth signal that corresponds to an acceleration output torque, and 

-converting the third signal and the fourth signal into motor vehicle control signals for the 
acceleration and for the deceleration. 

20. Method according to Claim 19, characterize^by the fact that the motor vehicle 
control signal for the acceleration is a fuel supply signal. 

21. Method according to Claim 19, characterized b^^the fact that the motor vehicle 
control signal for the acceleration is a nominal engine torqueV 
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22. Method according to o^e of Claims 19-21, characterized by the fact that the motor 
vehicle control signal for the deceleration is a nominal brake pressure. 

23. Method according to orie of Claims 19-21, characterized by the fact that the motor 
vehicle control signal for the deceleration is an electric brake-by-wire signal that corresponds to a 
brake force. \ 

24. Method according to one of Claims 19-23, characterized by the fact that the first 
signal corresponds to a correction signal for the second signal. 

25. Method according to one of Claims 19-23, characterized by the fact that the first 
signal corresponds to torque that acts on the motor vehicle. 

26. Method according to one of Claims 19-25, characterized by the fact that the drive 
torque Tengine is determined v^th the aid of an engme/transmission model v^hich receives the 
motor vehicle speed Vabs, the engine speed nact, the throttle opening angle aact as well as the 
transmission gear ratio i as input variables. 

27. Method according to oife of Claims 19-25, characterized by the fact that the drive 
torque Tengine is determined with the aid of^^ansmission model that receives the nominal engine 
torque from an electronic engine cpntrol'as wel^ as the transmission gear ratio i as input 
variables. \ \ 

28. Method according to on^f Qaims 19^27, characterized by the fact that the braking 
torque Tbrake is determined with the aidof a brake model that receives the pressure pact for 
actuating the brake as the input variable. \ 

29. Method according to one of Claims 19-28, characterized by the fact that the nominal 
motor vehicle torque Tnom is determined from the nominal motor vehicle acceleration anom by 
means of prefiltering based on the motor vehicle mass and the wheel radius. 

30. Method according to Claim 26, whWein the estimated speed Vest of the motor vehicle 
is determined from the braking torque Tbrake an!^ the drive torque Tengine based on the wheel radius 
and the motor vehicle mass. 

31. Device, in particular, according to Cl^m 10 for adjusting a predetermined nominal 
longitudinal acceleration anom, characterized by 

-a device for determining a signal that characterizes the brake pressure, 
-an output device (2-13, 2-23) for outputtinaa first signal (Tcorr, Tactuai,est), 
-a computation device (2-14, 2-24) for generating a third signal that corresponds to a 
deceleration output torque and a fourth signal that corresponds to an acceleration output torque 
from the first signal and from a second signal that corresponds to the nominal motor vehicle 
torque Tnom, and 

-a converting device (2-15, 2-16, 2-25, 2-26) for ge)\erating a motor vehicle control signal 
for the acceleration and the deceleration from the third and fd^irth signals, respectively. 



32. Device according to Claim^l, characterized by a device (2-16) for outputting a motor 
vehicle control signal for the acceleration in the form of a fuel supply signal. 

33. Device accordmg to Claim 31 characterized by a device (2-26) for outputting a motor 
vehicle control signal for the accelerationUn the form of a nominal engine torque. 

34. Device according to one of Claims 31-33, characterized by a device (2-15, 2-25) for 
outputting a motor vehicle control signal br the deceleration in the form of a nominal brake 
pressure signal. 

35. Device according to one of Claims 3 1-33, characterized by a device (2-15, 2-25) for 
outputting a motor vehicle control signal tor the deceleration in the form of an electric 
brake-by-wire signal. 

36. Device according to one of Clafims 31-35, characterized by a device (2-23) for 
outputting a correction signal that serves f|r correcting the second signal in the computation 
device (2-24). 

37. Device according to one of Claikis 31-35, characterized by a device (2-13) for 
outputting a correction signal that serves fon correcting the second signal in the computation 
device (2-14). \ 

38. Device according to one oM^laim^ 



31-35, characterized by a device (2-23) for 



outputting a signal that corresponds to th^iQFque ana serves as the input variable (Tactuai,est) for 
adjusting the second signal in the computationyevice\^2-14). 

39. Device according to one of Claims 31-38, cl^aracterized by an engine/transmission 
model (2-12) that receives the motor vehicle speed (vabs), the engine speed (uact), the throttle 
opening angle (ttact) and the transmission gear ratto (i) as input variables and that determines the 
drive torque (Tengine) thereof \ 

40. Device according to one of Claims 31-38, characterized by a transmission model 
(2-22) that receives the nominal engine torque from Wi electronic engine controller as well as the 
transmission gear ratio i as input variables and determines the drive torque (Tengine) thereof 

41. Device according to one of Claims 31-40, Characterized by a brake model that 
receives the pressure (pact) for actuating the brake as the input variable and determines the 
braking torque (Tbrake) thereof \ 

42. Device according to one of Claims 31-41, chaWcterized by a prefilter (2-10, 2-20, 
2-40) that determines the nominal motor vehicle torque TnX from the nominal longitudinal 
acceleration anom based on the motor vehicle mass and the wheel radius. 

43. Method, in particular, according to Claim 1, where\ 

-the distance between one motor vehicle and the vehicle\iriving ahead and the relative 
speed of the second vehicle are determined, and 

-predetermined nominal values for controlling the second rn9tor vehicle are generated 
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based on the determined distance and remtive speed, characterized by the fact that, if a 
deceleration of the first vehicle driving ahead of the second vehicle is detected, an intermediate 
acceleration value for the second motor vehicle is output, and by the fact that the speed of the 
first vehicle is not fallen short of or fallen short of only after a predetermined time after the 
beginning of the deceleration of the first vehicle has ended or fallen short of after the second 
motor vehicle assumes a constantly slowsr speed than the first vehicle driving ahead of the 
second vehicle. 

44. Method, in particular, according to Claim 1, wherein 

-the distance to the vehicle drivinjg ahead of the second motor vehicle is determined, and 
-predetermined nominal values far controlling the second motor vehicle are generated 
based on the determined distance and relative speed, characterized by the fact that if a 
deceleration of the first vehicle driving aliead of the second motor vehicle is detected, an 
intermediate acceleration value is output such that the predetermined distances can be adjusted to 

for the steady-state condition for a predetermined 



be shorter than the distances predeterm 
time, wherein the predetermined time 
45. Method according to Clai 
first vehicle driving ahead of the seconl 
motor vehicle for a certain time when 
reaches a steady-state speed after completilig 




on the distance. 

terized by the fact that a shorter distance to the 
phicle is also predetermined for the second 
icle driving ahead of the second motor vehicle 
deration. 

46. Method according to Claim 43, characterized by the fact that after the deceleration of 
the first vehicle driving ahead of the second motor vehicle begins, the distance to this vehicle is 
monitored, wherein the second motor vehicle is increasingly decelerated if a certain nominal 
distance or a nominal distance that can be determined is fallen short of 

47. Device, in particular, according to Claim 10 for realizing a motor vehicle follower 
controller, with \ 

-a distance sensor (3-21) for determining t^e separation between and the relative speed of 
the second motor vehicle and first vehicle driving ahead of the second motor vehicle, 

-a speed sensor (3-22) for determining the s^eed of the second motor vehicle, and 

-a controller (3-23) for generating and adjusting nominal values for the motor vehicle 
controller based on the values delivered by the sensok (3-21, 3-22), characterized by the fact that 
the controller (3-23) contains \ 

-a device for recognizing a deceleration of the fi^st vehicle driving ahead of the second 
motor vehicle, and 

-a device for predetermining the intermediate acc^eration values of the second motor 
vehicle in such a way that the speed of the first vehicle dri Wg ahead of the second motor vehicle 
is not fallen short of or is only fallen short of after a predetermined time after the beginning of 
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the deceleration of the first vehicle driving ahead of the second motor vehicle has passed or is 
fallen short of after assuming a consWly slov/er speed than the first vehicle driving ahead of the 
second motor vehicle. I 

48. Device for realizing a motor vehicle follower controller, in particular, according to 
Claim 10, with 

-a distance sensor (3-21) for d rtermining the separation between and the relative speed of 
the second motor vehicle and a first vehicle driving ahead of the second motor vehicle, 

-a speed sensor (3-22) for dete rmining the speed of the motor vehicle, and 

-a controller (3-23) for generating and adjusting nominal values for the motor vehicle 
controller based on the values deliveifed by the sensors (3-21, 3-22), characterized by the fact that 
the controller (3-23) contains 1 

-a device for recognizing a deceleration of the first vehicle driving ahead of the second 
motor vehicle, and I 

-a device for generating predetermined distances between the second motor vehicle and 
the first vehicle driving ahead of the second motor vehicle in such a way that the predetermined 
distances can be adjusted to be shorteffMn the distances predetermined for steady-state 
conditions for a predetermined time/ whereihjiie predetermined time depends on the distance. 

49. Device according to Cla(m 48\^ cb^acterized by the fact that the device for generating 

^ ^ nines a shorter distance for a certain time if the first 

vehicle driving ahead of the second rri(^or Vbhicl\ has reached a stopped state, i.e., after its 
deceleration is completed. \ \ 

50. Device according to Claim 47, chkracterized by the fact that the controller (3-23) 
comprises a device for monitoring the distance to the first vehicle driving ahead of the second 
motor vehicle, wherein said device outputs comrol signals for increasingly decelerating the 
second motor vehicle if a certain nominal distance or a nominal distance that can be determined 
is fallen short of \ 

51. Method, in particular, according to Claim 1 for generating a speed signal that 
indicates a motor vehicle speed, wherein an unprocessed speed signal ve is generated, 
characterized by low-pass filtering or band-stop filtering of the unprocessed speed signal ve. 

52. Method for generating a speed signal that indicates a motor vehicle speed, in 
particular, according to Claim 51, wherein an unprocessed speed signal ve is generated, 
characterized by band-stop filtering of the unprocessed speed signal Vz that was subjected to a 
low-pass filtering or low-pass filtering of the unprocessed^speed signal ve that was subjected to 
band-stop filtering. 

53. Method according to Claim 51, characterized by iSltering with a single-pole low-pass. 

54. Method according to Claim 53, characterized by thevfact that a gradient limitation is 
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provided in the low-pass niter. 

55. Method according to one of Claims 51-54, characterized by the fact that the filter 
characteristic of the low-p£^s filter is modified on the basis of the motor vehicle acceleration or a 
corresponding signal. \ 

56. Method according to Claim 52, wherein the band-limited interference frequency is 
simulated and subtracted fi*om the non-band-filtered signal. 

57. Method accordinglto Claim 56, characterized by the fact that the signal obtained after 
the subtraction is fed back into the simulation of the interferences fi-equency band. 

58. Method according to Claim 52 or 56 or 57, characterized by the fact that the band 
elimination covers a fi-equencylrange of approximately 1-4 Hz. 

59. Method according t^ Claim 51 or 53-55, characterized by the fact that frequencies of 
8 Hz and above are filtered out by the low-pass filter. 

60. Device, in particular, according to Claim 10 for generating a speed signal that 
indicates motor vehicle speed, willTa device for generating an unprocessed speed signal ve, 
characterized by a low-pass fil^r (V 2^x4-30-4-34) or a band-stop filter (4-21) for filtering the 
unprocessed speed signal ve. ^ 

61. Device for generating a sUe^signal that indicates a motor vehicle speed, in 
particular, according to Claim ^^0, with a dWice for generating an unprocessed speed signal ve, 
characterized by a band-stop filter (4-21, 4-\o-4-46) for filtering the unprocessed speed signal ve 
or the low-pass-filtered unprocesseS^peed signal ve. 

62. Device according to Claim 60^ cha^cterized by a single-pole low-pass filter. 

63. Device according to Claim 62, characterized by the fact that a gradient limitation 
(4-32) is provided in the low-pass filter. \ 

64. Device according to one of Clainis 60-63, characterized by a device (4-33) for 
modifying the filter characteristic of the low-pass filter based on the motor vehicle acceleration 
or a corresponding signal. \ 

65. Device according to Claim 61, characterized by a device (4-43-4-46) for simulating 
the interference frequency band to be filtered out by the band-stop filter (4-21, 4-40-4-46), and by 
a device (4-40) for subtracting the simulated signal from the input signal. 

66. Device according to Claim 65, characterized by devices (4-41, 4-42) for feeding back 
the output signal into the device (4-43-4-46) for simulating the interference frequency band. 

67. Device according to Claim 61 or 65 or 66, characterized by the fact that the band-stop 
filter (4-21, 4-40-4-46) covers a frequency range of approximately 1-4 Hz. 

68. Device according to Claim 60 or 62-64, charactewzed by the fact that the low-pass 
filter (4-20, 4-30-4-34) filters out frequencies of 8 Hz and higher. 

69. Method for realizing a motor vehicle control, in particular, according to Claim 1, 



characterized by low-pass filtering of the nominal speed signal Vnom. 

70. Method for realizing a motor vehicle control, in particular, according to Claim 69, 
wherein a nominal speed signal Vnom is determined, characterized by limiting the gradient of the 
nominal speed signal Vnom- j 

71. Method for realizing a motor vehicle control, in particular, according to Claim 69 or 
70, wherein a nominal speed signal Vnom is determined, characterized by forming the difference 
Av between the nominal speed signal Vnom ^d the actual speed Vref, and by determining the 
intermediate acceleration value aim based on the difference Av. 

72. Method for realizing a motor vehicle control, in particular, according to one of Claims 
69-71, wherein a nominal speed signal Vnoin is determined, characterized by determining an 
intermediate acceleration value aim and bykdding anom to a feed-forward portion that is 
determined on the basis of the nominal ^peed signal Vnom. 

73. Method according to one of Claims 69-72, characterized by the fact that the driverls 
activities, e.g., the duration of acceleijation,! tlie;^acceleration value and the acceleration frequency, 
are observed and used for modifying the loy-liass filter characteristics, the gradient limitation, 
the nominal acceleration characteristiOyOr thep^-forward characteristic in learning fashion. 

p 74. Method according to Claim diaraQterized by the fact that a single-pole low-pass 

C3 filtering which consists of amplification, mtegration, and negative feedback is carried out. 
^'3 75. Method according to Claim 74, cllaractdfized by the fact that the amplification is 

iTI. I 

limited in order to realize the gradient limitation. 
^ 76, Method according to Claim 71 , characterized by the fact that the intermediate 

\^ acceleration value is determined based on the difference between the low-pass filtered 
predetermined nominal speed and the actual speed of the motor vehicle. 

77. Method according to Claims 72, 74 ajjd 76, characterized by the fact that the 
feed-forward portion is determined on the basis of the amplified signal present in the low-pass 
filter and added to the intermediate acceleration value. 

78. Method according to Claim 71 or 76, characterized by the fact that the intermediate 
acceleration value is limited to predetermined values, wherein the limitations may be changed 
depending on the given situation. \ 

79. Method for realizing a motor vehicle control, in particular, according to Claim 10, 
with a device for determining a nominal speed signal vLm, characterized by a low-pass filter 
(5-10, 5-11,5-12) for the nominal speed signal Vnom- \ 

80. Device for realizing a motor vehicle control, in particular, according to Claim 79, 
with a device for determining a nominal speed signal Vnom,\haracterized by a device (5-1 1) for 
limiting the gradient of the nominal speed signal Vnom- 

81. Device for realizing a motor vehicle control, in pakicular, according to Claim 79 or 
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80, with a device for determining a nominal speed signal Vnom, characterized by a device (5-13) 
for forming the difference Av between the nominal speed signal Vnom and the actual speed Vref, 
and by a device (5-15) for determining an, intermediate acceleration value based on the difference 
Av. 

82. Device for realizing a motor vehicle control, in particular, according to one of Claims 
79-81, with a device for determining a nominal speed signal Vnom, characterized by a device 
(5-15) for determining an intermediate acceleration value, by a device (5-18) for determining a 
feed-forward portion as a function of the ncjminal speed signal Vnom, and by a device (5-16) for 
adding the intermediate acceleration value and the feed-forward portion. 

83. Device according to one of Claims 79-82, characterized by a device that observes the 
driver's activities, e.g., the duration of acceleration, the acceleration value and the acceleration 
frequency, wherein said device utilizes the driver's activities for modifying the low-pass filter 
characteristics, the gradient limitation, tlje^n^inal acceleration characteristic or the feed-forward 
characteristic in learning fashion. 

84. Device according to Claim[79, chkftcferized by a single-pole low-pass filter 
(5-10-5-12) which consists of amplifid^tion l\ integration (5-12) and negative feedback 
(5-10). 

85. Device according to Claim 8%^ija^cteri^ed by the fact that the amplification (5-1 1) 
is limited in order to realize the gradient limitation. 

86. Device according to Claim 81, chard^cterize^ by the fact that the intermediate 
acceleration value is determined based on the difference between the low-pass filtered 
predetermined nominal speed and the actual speed of the motor vehicle, 

87. Device according to Claims 82, 84 and 86, characterized by the fact that the device 
(5-18) for generating the feed-forward portion senses the signal at the amplification output 
(5-1 1), and by the fact that the feed-forward portion^ is added to the output signal of the device 
(5-15). 

88. Device according to Claim 81, characterised by a device (5-17) for limiting the 
intermediate acceleration value, where the limiting values of the device (5-17) may be changed. 

89. Method, in particular, according to Claim L for generating a nominal brake pressure 
Pnom, wherein \ 

-a brake pressure pmeas is measured, characterized by outputting a pressure build-up signal 
and a pressure reduction signal to means (6-7, 6-8) for acmisting the nominal brake pressure pnom- 

90. Method according to Claim 89, characterized by determining a nominal volumetric 
flow Qnom from the nominal brake pressure pnom and an actual pressure pact that corresponds to a 
pressure pmeas measured on at least one brake cylinder. 

91. Method according to Claim 90, characterized by d^ermining the actual pressure pact 
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from a hydraulic impedance Dy and the measured pressure pmeas- 

92. Method according to Claim 90 or 91, characterized by determining the pressure build- 
up signal and the pressure reduction signal from the nominal volumetric flow Qnom and an actual 
volumetric flow Qact that corresponds to the Weasured pressure pmeas* 

93. Method according to Claim 92, characterized by determining the pressure build-up 
signal and the pressure reduction signal fron^ the nominal volumetric flow Qnom, an actual 
volumetric flow Qact that corresponds to the measured pressure pmeas and the time derivative of 
the actual volumetric flow Qact- 1 

94. Method according to one of Claims 90-93, characterized by determining the actual 
volumetric flow Qact from the hydraulic impedance Dv and a difference u between the measured 
pressure pmeas and the actual pressure pact- \ 

95. Method according to one of Claims! 89-94, characterized by the fact that the pressure 
build-up signal and the pressure reduction signal are complementary. 

96. Control device, in particular, ao^or^g to Claim 10 for generating a nominal brake 
pressure pnom, where said control device containsWevice for determining a nominal brake 
pressure and means (6-7, 6-8) for adjustiJg the l)]Me pressure, characterized by an output device 
for outputting a pressure build-up signal and a pressWe reduction signal for the means for 
adjusting the brake pressure, wherein the pressurAbuild-up signal and the pressure reduction 
signal are chosen such that a nominal brake pressure pi,m is reached. 

97. Control device according to Claim 96, diar^cterized by a pressure control device with 
a pressure controller (6-2) and a pressure monitor (6r3) for determining a nominal volumetric 
flow Qnom from the nominal brake pressure pnom and Wi actual pressure pact on a brake cylinder 
which corresponds to a measured pressure pmeas- \ 

98. Control device according to Claim 97, chaiacterized by the fact that the pressure 



monitor (6-3) and/or the volumetric flow monitor (6-5)^contain(s) a multiplication element 
(6-10), an integrator (6-11), and a characteristic element (6-12). 

99. Control device according to Claim 97, characterized by the fact that the pressure 
monitor (6-3) and/or the volumetric flow monitor (6-5) cbntain(s) a first proportional element 
(6-17), an integrator (6-11), and a second proportional element (6-18). 

100. Control device according to one of Claims 97-^9, characterized by a volumetric flow 
controller (6-4) for converting the pressure build-up signal a^id the pressure reduction signal into 
control signals (s) for the means (6-7, 6-8), and by a volumetldc flow monitor (6-5) for 
determining an actual volumetric flow Qact that corresponds toVhe measured pressure pmeas and is 
subjected to a negative feedback to the nominal volumetric floWyQnom between the pressure 
control device and the hydraulic (6-6). 

101. Control device according to Claim 1 00, characterized W the fact that the volumetric 
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flow monitor (6-5) consists of a DTi-element^Wd by the fact that the volumetric flow controller 
(6-4) contains a third subtractor (6-19) for subtracting the output signal of the volumetric flow 
monitor (6-5) from the output signal of the pressure control, a fourth subtractor element (6-20) 
for subtracting the output signal of the volume ric flow monitor (6-5) from the output signal of 
the pressure control in order to generate an intermediate signal (s), and a second and third 
characteristic element (6-23, 6-24) for generating a control signal for the means (6-7, 6-8) for 
adjusting the brake pressure. I 

102. Control device according to Claijti 101, characterized by the fact that the volumetric 
flow controller (6-4) contains a first and a second DTi-element (6-21, 6-22), at the respective 
inputs of which the output signal of the volumetric flow monitor (6-5) is present, where the 
respective outputs [of the two DTi-elements] are subtracted from the respective outputs of the 
third and fourth subtractors (6-19, 6-20). 

103. Control device according to one 
means (6-7, 6-8) for adjusting the brake pressure contain a valve (6-7) that is closed in the 
deenergized state or a pressure generator p- 



of Claims 96-102, characterized by the fact that the 



ims 96-103, characterized by the fact that the 
pntain a valve (6-8) that is open in the 



104. Control device according to pne 
means (6-7, 6-8) for adjusting the brake 
deenergized state and/or a pressure gener^or 

105. Method, in particular, accordingfo Claim 1 for realizing a transition of a 
longitudinal motor vehicle movement from a first driving condition into a second driving 
condition with few jerks, where 1 

-a first motor vehicle condition is determined, characterized by outputting a nominal 
longitudinal acceleration aLnom for reaching a nlominal condition with a nominal distance, a 
nominal relative speed and a nominal relative acceleration from an actual condition with a 
distance, an absolute speed and an absolute acceleration v^thin a predetermined time interval te 
in the form of a time-dependent acceleration ftinction, the integral of which is a minimum as a 
function of the square of its time derivative under the boundary condition that the beginning 
condition and the end condition are defined. \ 

106. Method according to Claim 105, characterized by the fact that the acceleration 
function is selected from several functions that were previously stored in a memory. 

107. Method according to Claim 106, characterized by the fact that the stored functions 
contain at least one function that depends on the square of the time. 

108. Method according to one of Claims 106\l07, characterized by the fact that the stored 
functions contain at least one fimction that depends ok the cube of the time. 

109. Method according to Claim 106, characterized by the fact that the stored functions 
contain at least one function that depends exponentialMon time. 
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110. Method according to one of (^laims 106-109, characterized by the fact that the stored 
acceleration functions depend on the predetermined transition time te for reaching the nominal 
condition and/or on the nominal separation Snom and/or on the instantaneous absolute speed 
and/or on the instantaneous acceleration and/or on the instantaneous relative speed and/or on the 
instantaneous relative acceleration in pararietric fashion. 

aims 105-1 10, characterized by the fact that the 
that depends on the nominal speed and/or the nominal 
separation and/or the absolute speed and/or the distance. 

1 12. Control device, in particular, according to Claim 10 for realizing a transition of a 
longitudinal motor vehicle movement fromla first driving condition into a second driving 
condition, with a computation unit, driving condition sensors for determining predetermined 
variables of a first driving condition in the form of input variables for the computation unit, and 
actuators for converting output variables of the computation unit into control signals for reaching 



111. Method according to one of C 
predetermined time interval te is a function 



a second driving condition, characterized 
function memories for respectively storinj 



first memory for storing a numerical value, several 
t one function parameter, a function memory 




for storing several function parameters, al^iffere^rtiating element for differentiating a function, a 
squaring element for squaring the differentiatecU function, an integrator for integrating the 
differentiated and squared function, and a con^iaratV for comparing an output value of the 
integrator with the numerical value in the memory and for outputting a function. 

113. Control device according to Claimll 12, dharacterized by the fact that the several 
function memories for respectively storing at lekst one function parameter contain several 
function memories for respectively storing one mmction parameter, and a multiplication element 
for multiplying several functions by one another! 

1 14. Method, in particular, according to Claim 1, wherein the distance (s) from a first 
vehicle (8-2) driving ahead of a second vehicle is\determined, the relative speed (vrei) of the 
second vehicle to that of the first vehicle (8-2) driWg ahead of the second vehicle is determined, 
and a nominal distance Snom from the vehicle (8-2)Viriving in front of the motor vehicle is 
determined, characterized by outputting a nominal tracking acceleration (ajnom) for reaching the 
nominal separation (Snom) between the first vehicle driving ahead of the second vehicle, wherein 
the nominal tracking acceleration depends on the dist^ce (s), the relative speed (Vrei) and the 
absolute speed (vabs)- 

115. Method according to Claim 1 14, characterised by determining the nominal tracking 
acceleration (amom) from a first component that linearly depends on the distance (s), a second 
component that quasi-linearly depends on the relative spead (vrei), and a third component that 
linearly depends on the absolute speed (vabs), wherein at lea^t two of the three proportionality 
factors depend nonlinearly on the relative speed (Vrei). 
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(axnom) at high relative speeds (Vrei) and/or 
117. Method according to one of C 
nominal tracking acceleration (aTnom) does 



1 16. Method according to Claim iVs, characterized by the fact that the second component 
of the nominal tracking acceleration (arnomi is greater than the third component of the nominal 
tracking acceleration (ajnom) at low relative speeds (Vrei) and/or absolute speeds (vabs), wherein 
this second component is smaller than the third component of the nominal tracking acceleration 

ibsolute speeds (vabs). 

aims 114-115, characterized by the fact that the 
not exceed a predetermined limiting value. 

118. Control device, in particular, According to Claim 10, with a distance sensor (8-5) for 
determining the distance (s) between a first vehicle (8-2) driving ahead of a second vehicle, 
characterized by a computation unit (8-7 to 8-10) for outputting a nominal tracking acceleration 
(ainom) that depends on the distance (s), thij relative speed (Vrei) and the absolute speed (vabs). 

119. Control device according to Claim 118, characterized by the fact that the 

cteristic element (8-8) for outputting a first 

component that depends on the distance (sV a spring characteristic element (8-9) for outputting a 
second component that depends on the r^Ri^ speed (Vrei), where both components also depend 
on the absolute speed (vabs), and an adder (^-1^ for adding the first and the second component 
and for outputting an acceleration value 

120. Control device according toNciWn 1 characterized by the fact that the 
computation unit contains a characteristic\lmgram ^8-12) for outputting an acceleration value 
that depends on the distance (s) and on the rdative sbeed (Vrei), wherein the acceleration value 
also depends on the absolute speed (vabs). \ 

121 . Control device according to one df Claims 1 1 8-120, characterized by a filter (8-11) 
for smoothing out and limiting the acceleratiori value. 

122. Method, in particular, according to\ciaim 1, wherein an instatitaneous distance (s) 
from the first driving ahead of the second vehiclfe is determined (9-S2), an absolute speed (vabs) is 
determined (9-S3), the nominal separation (Snom)\is determined (9-S4) from the absolute speed 
(Vabs), and the nominal separation (Snom) is adjusted (9-S6), characterized by outputting (9-S7, 
9-S8) a second nominal separation (Snom') when the\ accelerator pedal is actuated, and by 
adjusting (9-S8) the second nominal separation (SnomO- 

123. Method according to Claim 122, characterized by the fact that the second nominal 
separation (Snom) is shortened in comparison to the first nominal distance in accordance with the 
position of the accelerator pedal (cp). \ 

124. Method according to Claim 123, characterize^ by the fact that the shortening of the 
first nominal separation in comparison to the second nominal separation (Snom) depends 
nonlinearly on the position ((p) of the accelerator pedal. \ 

125. Method according to Claim 123, characterized by\the fact that an optical and/or 
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acoustical and/or haptical warning signkl is output depending on the magnitude of the second 
nominal separation. ; 

126. Control device, in particular, according to Claim 10, with a distance sensor for 
determining a distance (s) from a first vehicle driving ahead of a second vehicle, and a 
computation unit for determining thejnominal separation (Snom) from the absolute speed (vabs), 
characterized by a control device for adjusting the nominal separation (Snom), and a device for 
outputting the second nominal separation (SnomO to the control device when the accelerator pedal 
is actuated. 

127. Method for controlling or regulating a motor vehicle, in particular, according to 
Claim 1, characterized by determining (10-Sl) a transverse acceleration (aj) of the motor vehicle, 
and by comparing (10-S2) the transverse acceleration (aj) v^th a reference transverse 
acceleration (ajref) and outputting (10-S3) a speed correction signal in the form of an intermediate 
acceleration value (aint). 

Q 128. Method according to Claim 127, characterized by the fact that the limiting transverse 

p|jj acceleration (axum) lies betweeny2 and 3 m/s^. 

Ip! 129. Method according io Clmn 126 or 127, characterized by the fact that the speed 

^ correction signal consists of a signaliw changing a nominal cruise control speed. 
P 130. Method according to orfeUf Claims 126-128, characterized by determining the 

^ transverse acceleration (ax) fromVyaw Me and the absolute speed (vabs) of the motor vehicle, 
p,, 131. Method according to Claim 130, characterized by the fact that the yaw rate is 

H , . . ..... L ' 



determined from several rotational wheel speeds. 



132. Method according to Claim 130, characterized by the fact that the yaw rate is 
p determined from an output signal of a steering wheel position sensor as well as the absolute 

speed. \ 

133. Method according to Claimll30, characterized by the fact that the yaw rate is 
determined from an output signal of a yaw rate sensor. 

134. Control device, in particularji according to Claim 10 for carrying out the method 
according to Claim 127, characterized by means (10-2) for determining a transverse acceleration 
(ax) of the motor vehicle, a comparison device (10-3) for comparing the transverse acceleration 
with a reference transverse acceleration, an^d an output device (10-4) for outputting a speed 
correction signal in the form of an intermediate acceleration value (aint). 

135. Control device according to Claim 134, characterized by the fact that the means 
(10-2) for determining the transverse acceleration contain a yaw rate sensor for determining the 
yaw rate of the motor vehicle. 

136. Control device according to Clairii 134, characterized by the fact that the means 
(10-2) for determining the transverse acceleration contain rotational speed sensors assigned to the 
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wheels. 

137. Control device according to Claim 134, characterized by the fact that the means 
(10-2) for determining the transverse^ acceleration contain a steering wheel position sensor. 

\ 

Abstract ^ 

Method and Device for Controlling opi^gulating Motor Vehicles 

The invention pertains to mnethofl^^ a device for controlling or regulating a motor 
vehicle. Individual aspects of the ihWitibn pertain to methods for determining the nominal 
acceleration from several nominal accelerations, for adjusting a predetermined nominal 
acceleration, for realizing a motor vehicle follower control, for generating a high-quality speed 
signal, for processing a nominal speed, for actuating brake valves, for favorably realizing 
transition conditions, for controlling or regulating distances between motor vehicles, for 
operating a cruise control and for adjusting the speed around curves. The invention also pertains 

P to devices for carrying out the respective methodsv 

y (Figure 1) 
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